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Engineers Week 


At the Convention— 


Those attending the Institute’s 49th annual summer 
convention at Chicago during Engineers’ Week will 
have the choice of a wide variety of technical activities 
in addition to the entertainment features afforded by 
the convention program and the galaxy of opportunities 
offered by the Exposition. 


The Institute's technical program embraces 6 technical 
sessions with some 30 critically selected papers 
revealing many of the latest developments in the art 
and science of electrical engineering and their reflec- 
tion in the design and operation of electric equipment. 
The annual meeting of the Institute also will be held. 


Engineers Day, Wednesday June 28, will be cele- 
brated at the Exposition with a series of special features 
of interest to engineers. No technical sessions will 
be held that day. During the week several sessions 
will be held jointly with the Econometric Society and 
with national engineering societies. 


Golf, tennis, and other tournaments have been arranged 
by the sports committee. Golf events include play 
for the Mershon and the Lee trophies and for the 
District team championship; Several affairs have been 
arranged especially for the women, who wil! doubtless 
enjoy the atmosphere of the Edgewater Beach Hotel. 


Exceptionally low transportation rates are available 
from practically all parts of the country. Also special 
rates for the convention have been provided by the 
Edgewater Beach Hotel which, with its Lake Michigan 
frontage and its unusual recreational facilities, will be 
convention headquarters. 


Hotel reservations should be made immediately by those 
planning to attend the convention. 


The 1933 Century of Progress Exposition 


June 26-30 


At “A Century of Progress — 


A general charge of 50 cents for adults and 25 cents 
for children for admission to the grounds provides free 
entry to the 20 Fair buildings and also to the 33 special 
exhibition buildings. Exhibitors and concessionnaires 


have contracted for more than $12,000,000 worth of 


special buildings and facilities. 


Windowless buildings are the rule; ceiling and cove 
lights are generally used for interiors—concealed 
colored lights emphasize the mass effect of exteriors 
while retaining serenity and dignity. Of the 40,000- 
kva total connected lighting load, the exterior illu- 
mination requires 12,000 kva. 


Guarding the crowds are 300 scarlet coated police 
resplendent in white helmets and black trousers with 
yellow stripes, and carrying white bamboo swagger 
sticks. Guiding the crowds are 2,000 college gradu- 
ates who survived drastic physical and mental tests; 
they wear a colorful military-type uniform. 


A $20 gold piece is available to any one who can 
get by a photoelectric burglar alarm. Photoelectric 
cells will be called into service to prevent the lighting 
of a candle, sort black and white balls as they roll 
down a chute, clear smoke out of a glass chimney, 
and count the flickers of an incandescent lamp. 


Houses of ready-made units capable of assembly in 
days instead of months are on exhibition in a group 
that includes 2 of all-steel construction, 3 of wood 
composition materials, one of stone composition, one 
all wood, one all brick including floors, and one of 
glass. A\ll are completely furnished. 


Traffic facilities are provided to handle 600,000 
people per day on the 3-mile length of the Fair. 
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Professional Advancement — 
A Reappraisal of the Value of Institute Membership 


By 
J. ALLEN JOHNSON Vice-President, A.I-E-E. 
FELLOW A.I-E.E. North Eastern District 


Deen this period of serious in- 
dustrial depression some members of the Institute, 
and of other professional societies as well, have 
found it necessary or considered it expedient to 
resign their membership. This has been a mis- 
fortune for the Institute and an even greater mis- 
fortune, I believe for the individuals concerned. 
Indications now are that we are passing through 
the final stages of this depression and that it shortly 
will be followed by a period of prosperity during 
which engineers and recent graduates of engineering 
colleges again will find ready employment in industry. 

If this is so, and the normal course of engineering 
progress is to be resumed, many engineers, and 
particularly young engineers so situated, undoubt- 
edly will be asking themselves whether they should 
join or rejoin their professional societies. Therefore, 
now is an appropriate time to reconsider and re- 
appraise the worth of membership in such pro- 
fessional societies or, ‘n other words, to formulate 
and try to answer the question, “What is the funda- 
mental basis of the value of membership in a pro- 
fessional society, and how can this value be meas- 
ured?” It seems probable that the answers to this 
question will be found in a consideration of the 
means through which the engineer may best promote 
his own professional advancement. 

Advancement in his profession is surely the legi- 
timate desire of every ambitious engineer. Such 
advancement normally occurs as he develops his 
knowledge, his imagination, and his judgment. 
Knowledge furnishes him with the tools and materials 
with which he works. Imagination enables him 
to unite those materials into useful combinations. 
Judgment enables him to choose wisely among such 
combinations those which best fulfill the desired 
purposes. Knowledge is most rapidly extended, 
imagination most effectively stimulated, and the 
perspective necessary for sound judgment most 
surely acquired by observation and study of the 
thoughts, activities, and accomplishments of others. 

The benefits which an engineer derives from his 
membership in a professional society are prin- 
cipally those which flow from the opportunities 
which such membership presents for such observa- 
tion and study of the work of others of his profession. 
No one can measure these benefits in tangible terms; 
they have to be taken on faith, but they are none 
the less real. The truth of this statement is sup- 


Opening address of the ninth annual meeting of the A.I.E.E. North Eastern 
District, Schenectady, N. Y., May 10-12, 1933. Not publishedin pamphlet form. 
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ported by the fact that the great majority of engi- 
neers recognized as leaders in their professions will 
be found to have been members of their appropriate 
professional societies for many years. All of these 
will testify that such membership has contributed 
immensely to their advancement, though none 
perhaps could say exactly when or how. 

Obviously the operation of this principle involves 
not only the act of receiving, but also, and neces- 
sarily, the act of giving, for manifestly none can 
receive if none gives. The privilege of receiving 
thus carries with it the obligation of giving. The 
possession of this spirit of ‘‘noblesse oblige’’ thus is 
the outstanding identifying characteristic of the 
truly “‘professional’’ engineer. 

The measure of the value of membership in a 
professionali society like the American Institute of 
Electrical Engineers resides in the fact that the 
potentiality of receiving vastly exceeds that of 
giving, since the income may be measured in terms 
of the total membership whereas the outgo is limited 
to that which the individual himself can give. Thus 
in a society of 15,000 members the potential ad- 
vantage of membership to the average member is 
substantially 15,000 to 1; that is, he may receive 
freely 15,000 times as much as he himself contributes. 
Even though all members do not give, and not all 
that is given can be absorbed by any individual 
member, in actuality the average ratio easily may 
be several hundred to one and is limited only by 
the member’s ability or willingness to receive. 

Surely a privilege of such potential value should 
be sought eagerly by every qualified engineer, and 
once acquired should not lightly be relinquished. 
The small annual payment required of each member 
to make the association possible should be quite 
insignificant compared to the invaluable assistance 
to his professional advancement thus made available 
for the taking. 

In the decentralization of industry which seems 
likely to accompany its rehabilitation following the 
present upheaval, the opportunities for professional 
contacts among large industrial groups seem likely 
to be reduced, and the individual engineer thus may 
be thrown more and more upon his own resources. 
That he maintain contact with the progress of the 
art through membership in his professional society 
seems likely, therefore, to be of even greater impor- 
tance than in the past. 

The American Institute of Electrical Engineers 
offers many opportunities to electrical engineers for 
the accumulation of knowledge, the stimulation of 
imagination, and the acquisition of perspective. 
Is it not a part of our duty, as beneficiaries of 
these opportunities, not only to take full advantage 
of them for ourselves, but to bring them to the 
attention of others equally qualified to share them? 
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Air Conditioning 
of Private Homes 


Air conditioning, having already proved 
its worth in theaters and auditoriums, now 
is being developed for the home. In this 
article are discussed equipment and energy 
requirements for both complete and partial 
air conditioning of typical homes in various 
climates. The electrical load that would 
accrue from a widespread use of this type 
of equipment also is discussed from the 
standpoint of the electrical utilities. 


By 
D. W. McLENEGAN General Elec. Co., 
MEMBER A.1.E.E. Schenectady, N. Y. 


Ge of public interest in air 
conditioning of homes give rise to questions that 
will affect the development of this new art. What 
size and type of equipment are needed to condition 
the air of an average home? How long are the 
operating seasons for this equipment? Must the 
electric utilities enlarge their service facilities to 
care for the added load? Does this load combine 
favorably with other domestic electrical loads? 
This article presents data relating to these ques- 
tions, based upon climatic conditions in various parts 
of the country. 


FUNCTIONS OF AIR CONDITIONING 


Air conditioning includes specificaily: 


Control of air temperature. 

Control of relative humidity, or moisture content of the air. 
Supply of fresh air. 

Cleaning of the air to remove odors and dust. 

Circulation of the air. 


SUES CIRO 


Although air conditioning commonly is associated 
with the idea of cooling in summer, it includes also 
heating and humidification in winter, as well as cir- 
culation of air and ventilation during all seasons. 
Development of automatically controlled heating 
plants has made possible more accurate control of 
the temperature in heated buildings, as well as 
more efficient use of fuel. 

Regulation of humidity is highly important in 
promoting human comfort. It is well known that 
with low outdoor temperatures, the indoor air tends 
to become extremely dry unless water vapor con- 
stantly is added. Although the relation between 


Full text of a paper presented at the A.I.E.E. North Eastern District meeting, 
Schenectady, N. Y., May 10-12, 1933. Not published in pamphlet form. 7 
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humidity and health has not been established be- 
yond question, the evidence in many cases points to 
an improvement in health where proper equipment is 
installed to maintain a relative humidity of from 40 
to 50 per cent in winter. At the same time, the 
highly humid conditions that frequently prevail in 
summer, even when the temperature is not extremely 
high, call for equipment to dehumidify the air. 
Cooling equipment usually is used for this purpose 
in addition to its other function of reducing the 
temperature. The cold surfaces remove some of the 
moisture from the air, just as a pitcher of cold water 
in a warm room becomes covered with water con- 
densed out of the surrounding air. 

With properly directed air circulation, comfort 
may be improved by reducing the temperature 
difference between the breathing level and the floor 


Table I—Conditions Recommended for House Cooling* 


Outside Effective Grains of 
Tempera- Dry Wet Tempera- Relative Moisture 
ture, Bulb Bulb ture, Humidity, per Lb 
Deg F Deg F Deg F Deg F Per Cent Dry Air 

D5 ae Bia es SOP O epee erat 6582. hia nete Voi bonisa nebe AB OS e oscus ene 69.0 

QO eons TE ON emacs: 6406 %es. der i ie Page Boe eer Bil \O) panes 69.0 

SS deans 76:0 otha C4300 etea ee nk (it Weel Uren a Roe, 50,00 eee 69.0 

SOsS aca: VoO.Oe Sty om 63%5:2 saeco 10,2 ae 52E bara 69.0 

TO2. ees TOS aes Mees 6S OL cies GOS) oe oe 5B) Open ee 69.0 

TO eather W250 Rigs Petts G2 tones OS 2 ates GORO)Raon mee 69.0 


* Taken from “Guide” of the American Society of Heating and Ventilating 
Engineers. 


level, particularly in cold weather when this differ- 
ence may be as much as 10 deg if the air is not kept 
in motion. 

The advantages of clean air hardly can be ques- 
tioned. A properly designed ventilating and clean- 
ing system not only must have capacity adequate to 
handle several air changes per hour in the occupied 
room, but also must distribute this air without caus- 
ing drafts. By properly directing and controlling 
the circulation of air, stale air and tobacco smoke 
may be removed; as a by-product, the ventilating 
equipment can eliminate much of the noise now 
tolerated in offices ventilated by opening the win- 
dows. 


OPERATING REQUIREMENTS 


To determine the operating requirements for air 
conditioning equipment, temperature charts (Figs. 
1 to 3) have been prepared from the weather records 
of 3 different cities. Maximum temperatures 
(curves A) recorded during the summer months 
indicate the maximum conditions at which a cooling 
equipment may be required to operate. Minimum 
temperatures (curves E) for the winter months 
give an index of the maximum capacity for which 
heating equipment must be designed. Since all 
of these curves are based upon the combined records 
of several years, they may not indicate accurately 
the heating and cooling loads for any specific year. 
Curves for Chicago, IIl., are similar to those shown in 
Fig. 1 for Albany, N. Y 
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The heating season is taken as the period during 
vhich the monthly mean temperature is less than 65 
leg. For Albany or Chicago this period is approxi- 
nately 9'/. months, although actually about 95 
yer cent of the heating load normally occurs during 
. 7-month period. | 

Maximum required heating capacity usually is 
yased upon a temperature 15 deg above the lowest 
ver recorded; and to provide quick response, the 
lant is specified to have at least 20 per cent excess 
apacity. The total heating effect for the season is 
he summation of the amounts by which the daily 
nean temperatures fall below 65 deg, and is obtained 
rom the degree-day handbook of the American Gas 
Association. Since an automatic heating plant 
yperating continuously at full capacity would give 
1 degree-day product equal to the number of days 
nultiplied by the maximum heating capacity, the 
wumber of hours operation of such equipment is 
ound by direct proportion, i. e., the actual degree- 
lays divided by the maximum possible degree-days 
yf plant output during the season. This number of 
jours is based on a 24-hr per day heating require- 
nent. 

Operating season for humidifiers has been taken 
is the time during which the mean outdoor tempera- 
ure is less than 55 deg. During this period, the total 
lours is based upon half-time operation over a 
(2-hr day. Where forced circulation duct systems 
of warm air heating are used, the operating period 
or the fan is assumed equal to that of the heating 
slant, although in some systems the fan runs con- 
inuously. 

For estimating the cooling season, curve B is 
ised, representing the monthly mean temperature 
plus half of the average daily temperature varia- 


B crosses the 70-deg line, representing a period of 
about 4 months for Albany or Chicago, 5 months 
for Washington, and 8 months for New Orleans. 
This estimate of the cooling season for Albany and 
Chicago may be somewhat short of the actual season, 
since the spring and fall months often bring periods 
of extremely hot weather which are offset, in the 
records of monthly mean temperature, by periods 
cold enough to require house heating. The maxi- 
mum cooling effect considered desirable is shown in 
Table I. 

The recommendations of Table I may be approxi- 
mated if the house is cooled by 1/2 the difference 
between outdoor temperature and 70 deg. It is 
generally believed, however, that a temperature of 
more than 82 or 88 deg does not constitute a com- 
fortable condition for continuous occupancy, even 
when the outdoor temperature is 105 deg or more. 
For northern cities, a plant that will provide 15 deg 
of cooling (with suitable control of relative humidity) 
generally represents the maximum size that is justi- 
fied, even though this may not be adequate on the 
occasional 100-deg days. For southern cities, in 
which this temperature is not uncommon, a cooling 
capacity of 18 or even 20 deg might be justified. 

In determining the number of hours operation of 
cooling equipment (up to this time, the author has 
not seen any authoritative analysis of summer 
cooling requirements for the principal cities, cor- 
responding to the heating data of the American Gas 
Association’s degree-day handbook) it may be 
assumed that relatively little cooling is needed 
during the night. There are, of course, exceptions 
in the case of unusually hot nights, and also in closely 
built districts where the walls of large buildings give 
off heat stored during the day. The extent to which 


SEPT. NOV. 


Figs. 1, 2, and 3. 


A. Maximum ever recorded during month Pipes aaa 
Mean C minus 2/2 average daily variation 


tion. Since the daily variation is approximately 
16 to 18 deg in summer, it is assumed that the tem- 
perature will rise 8 or 9 deg above the mean during 
the daytime and fall about the same amount below 
the mean during the night. Limits of the cooling 
seasons are determined by the points where curve 
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Mean C plus 1/2 fyejase cally variation @ 


Nov. 


Climatic temperatures for 3 cities in different localities 


Monthly mean temperature 
Minimum ever recorded during month 


cooling is required during the morning is affected 
considerably by the night temperature, represented 
by curve D in Figs. 1 to 3. If the house is well 
ventilated during the cooler hours of the night, the 
rise of indoor temperature may lag several hours be- 


hind the rise of outdoor temperature. 
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TypicaAL EQUIPMENT 


In a house of 8 or 9 rooms, completely air con- 
ditioned with modern apparatus, the list of equip- 
ment might include: 

1. Automatic heating plant. 
2. Air distribution system. 
8. Kitchen ventilator. 

4. Fan type humidifier. 

5. Attic ventilator. 

6 

d 


. Refrigerating plant, 5 to 6 tons. (One ton of refrigeration is 
efined as the removal of heat at the rate of 12,000 Btu per hour.) 


Alternatively, the cooling equipment might be 
restricted to 2 or 3 rooms, the capacity being about 
2tons. The capacity needed in these equipments is 
related closely to the type of building construction. 
For a well insulated house with tight doors and 
windows, both the winter heating and the summer 
cooling loads will be considerably smaller than those 
for an wuninsulated house of loose construction. 
Similarly, in a loosely built house, the humidity 
that can be maintained may have to be held below 
the optimum value because of the danger of con- 
densation. Of the equipment listed, the air dis- 
tribution system and the kitchen ventilator would be 
used throughout the year, and the other equipment 
for limited seasons which can be estimated from 
climatic data. 

Within reasonable limits, the size of the heating 
load does not greatly affect the electrical consump- 
tion of an automatic heating plant. The rate of fuel 
burning usually is adjusted to the maximum heating 
requirement of the building; and since the rating of 
the electrical equipment does not increase in direct 
proportion to the capacity of the heating plant, the 
energy consumption of the electrically driven 
mechanism is dependent principally on the severity 
of the weather. 

Cooling equipment of the conventional vapor 
compression type uses a motor driven compressor 
as the means of pumping heat out of the house; 
hence the energy consumption of that equipment is 
directly proportional to the total cooling load. 
With electric energy at 3 cents per kwhr, a 5- to 6- 
ton cooling plant, requiring about 10 hp in the 
compressor and auxiliary drives, involves a rather 
high energy cost; but by considering the sources 
from which heat enters the house, means of reducing 


this load may be suggested thereby bringing the 
equipment within the reach of a greater number of 
In a 9-room house in Schenectady, N. Y., 


LISELS: 
the cooling load was calculated as follows: 
Btu 
per Hour 
Conduction through walls and windows................ 15,300 
Five people (400 Btu per hour per person)............. 2,000 


Cooking—disregarded since kitchen is ventilated but not 


cooled : 
Lighting—negligible during the day 


Ventilation and) dehtumiditicationees-nees ei ieta erin 12,600 
Conduction from attic, where heat accumulates from 

solar tadiatione. ese acme eee ee ee seers 10,200 
Solar radiation on walls and through unshaded windows.. 26,100 
Total caicc ete Twn Sa Sa oe ee ee 66,200 


This load was based upon outdoor conditions of 
91 deg F and 45 per cent relative humidity, and in- 
door conditions of 78 deg F and 49 per cent relative 
humidity with slightly more than one change of air 
per hour. 

The use of awnings over the windows exposed to 
the sun reduced the load by 11,000 Btu per hour. 
Circulation of outdoor air through the attic, prevent- 
ing the accumulation of heat due to solar radiation 
further reduced the load by 10,200 Btu per hour, 
with an expenditure of only 150 watts for the attic 
ventilating fan. The total cooling load thus was 
reduced to 45,000 Btu per hour. 

An insulating layer in the walls would have re- 
duced further the entrance of heat into the house, 
bringing the total cooling load down to about~ 
36,000 Btu per hour. A plant of that capacity would 
require a 5-hp compressor motor and approximately 
1/, kw of auxiliaries; its initial and operating costs 
(as well as those of the winter heating plant) would 
be correspondingly lower, and the market consider- 
ably widened. These shielding features provide 
another advantage in summer, in retarding the en- 
trance of heat by radiation and conduction. For 
example: In Albany the mean daily temperature 
variation during July is about 18 deg; with ade- 
quate ventilation of the house during the night, the 
operating periods of the cooling plant during the 
morning are reduced by wall insulation and shield- 
ing, unless the night has been exceptionally hot. 
When the outdoor air cools again in the evening, 


Table II—Energy Requirements of Typical Air Conditioning Equipment for a Home in Albany, N. Y. 


Estimated 
Operating Time 
Approximate Kwhr 
; : ; Watts Power Total Per 
Equipment Typical Electric Load Input Factor Period Hours Season 
Automatic oil burner or furnace............... 1/s-hp split phase motor; also controls andignition.. 200. 60 
ANILOMAtIC COAL StOKOR re.c- aje:erare: 4 faethe oisieie svefeceless 1/e-hp split phase motor driving stoker mechanism SE gee Se te eee Bere she 
and blower; control devices..................... AND Gon 6 65 
MATILOMMATIC GAS LUPMACE ojo.c 6001s cele sale nie ois, cues os The majority do not use forced draft; hence elec- oa Tey a wae i 
lnicsenergy requiredus negligible sss so een ne ee eee 
Air distribution system for heating with ducts. .1/s-hp split phase motor with controls............. 300 70 oan Seneedt May 15... 1,880. se) eae 
Humidifier (with motor-driven fan). ......... Motor (seldom economical to use electric energy ss” aa Pet ae ae: core! vite 
tomurnishtheat)/\ Vkeeeseer a eee eeeee : 
Cooling equipment and air distribution: evade, LOO Meters s MOMS sad Oct: l—Apraloeeeerer 251 GOs 108 
PES ee EO TNS LO CCIIES) bine os elhatese anche wheseietete uel 3 hp total. Capacitor motor used to drive com- 
: DE CSSOL a /asekegscie's..0 setesetahafovaseheafele scares S¥a eae wae eee 3,000 sae " = 
B. 8-room house of average construction (4 71/2 hp total. Polyphase motor generally used to oe Ee aie peda oF 
PEELE a ir atare fate z Pow ope ale. vieialu'w 4, Soe tel wie ae aeeie ene drtvexcompressot:ssroteeien te eo ee ee ee 7,000 — 
PRIOR CICLO CSTE SOT “ate Sots ayche a cis, Sieislaporauctor ticle wie 1/i¢-0D spit phase sotor jee ae pe eee "150. ; : : eee : : ; Re ae 7 a ae ts ae ee 
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Fig. 4. Average daily load variation of 1,000 
domestic electric refrigerators 


the heat flow through the house walls is partly re- 
versed, a definite gain is realized from this time lag. 
It is evident that the capacity and cost of operat- 


ing air conditioning equipment are related closely 


to the type of house construction. When planning 
new buildings, much may be done to reduce the size 
of equipment required, its operating cost, and the 
cost of installation. 


POWER REQUIREMENTS 


Even among air conditioning equipments of a 
single type, there is a considerable variation in power 
requirements. Nevertheless, an average figure may 
be established for each important class of equipment, 
to serve as a basis of estimating the energy require- 
ments of such apparatus for the operating season. 
It is possible also to designate the general types of 
electric motors that constitute most of this load, 
and to indicate approximately the power factor at 
which they operate. Summaries of this type have 
been prepared for Albany and Washington (Tables 
II and III). Of course, these data do not represent 
accurately the energy consumption for any specific 
make of equipment. In addition, the figures repre- 
senting hours of operation per season may be mis- 
leading unless properly interpreted. With the usual 
variation in weather conditions, much of the opera- 
tion is intermittent or at reduced capacity, depending 
on the design of the equipment. These intermittent 
or reduced-capacity periods, distributed as needed 
throughout the operating season, produce com- 
fortable conditions with relatively few equivalent 
hours of full-capacity operation. 


that of a single plant. 


From these same tabulations the load factor of the 
various devices may be estimated. As regards 
automatic heating equipment, in Albany the load 
factor is approximately 33 per cent based upon 8 
months; in Washington, 26 per cent based upon 
71/. months. These values are comparable with the 
load factor of a domestic refrigerator, and the rate of 
energy use also is comparable. 

The load factor of cooling equipment is somewhat 
lower. In Washington, for example, the operation 
of cooling equipment for 335 hr represents a load 
factor of 9.2 per cent based upon an operating season 
of 5 months, or 3.8 per cent based upon the whole 
year; for New Orleans, it is 17 per cent based upon 
an 8-month operating period, or 11.4 per cent based 
upon the entire year. However, all these figures 
are based upon the operation of a single equipment 
and do not take account of the diversity in a large 
group of installations. No operating records are 
available for large groups of house cooling installa- 
tions; however, Fig. 4 (taken from a curve published 
by H. A. Snow, Detroit Edison Company, Mich.) 
shows a daily load factor of 87 per cent for 1,000 
domestic electric refrigerators, although the load 
factor of a single refrigerator is of the order of 30 
to 40 per cent. From this it may be assumed that 
the combined load factor of a large group of house 
cooling plants also would be somewhat better than 
Furthermore, the winter 
air conditioning equipment involves a total energy 
use (Table II) nearly as great as that of the summer 
air conditioning plant, although its maximum de- 
mand is much lower. Hence, if the air conditioning 
plant is considered as a whole, its yearly load factor 
is substantially higher than it would appear to be at 
first. 

A typical daily load-time chart of winter air con- 
ditioning equipment in Albany, based upon the com- 
bined records of several installations is shown in 
Fig. 5; for comparison, a typical load curve* 
for domestic electric lighting and appliances also is 
shown. The load imposed by winter air condition- 
ing equipment is fairly uniform throughout the day, 
except for a peak in the early morning; hence, the 


* These curves representing test results on a group of 400 residences, are 
redrawn from ‘‘Residence Load Characteristics Based on Field Studies,’ by 
G. L. Jorgensen and R. L. Matteson, Electrical World, Nov. 19, 1932. 


Table Ill—Energy Requirements of Typical Air Conditioning Equipment for a Home in Washington, D. C. 


Estimated 
Operating Time 
Approximate Kwhr 
Watts Power Total Per 
Equipment Typical Electric Load Input Factor Period Hours Season 
Automatic oil burner or furnace...........--.- 1/3-hp split phase motor; also controls andignition.. 200..... 60% a -. Sept. 15—May 1.35. ..1,425..... 285 
PATILOMATIC COAL SCOKEL siele' «ic cfels os suc sisiets orate ecie' 1/s-hp split phase motor driving stoker mechanism 
and blower; control devices...........-...ee000- 250 err 65% Sept. 15-May 1...... Ve425 nee 356 
(Atitomatic gas furnace... ..2 220s een sete The majority do not use forced draft; hence elec- 
ELICLCHELRVATeGUIteMen tise ited ble mnt aperaleraicrajaraiolaeeielele cheleiel oheteratelose ove ei cler«tocvelefore mienstewe otal otetetefebn teen stenetnetceeta 
Air distribution system for heating with ducts. .1/s-hp split phase motor with controls...........-+. SOO eerste (QUYAS Osi Sept. 15-May 1...... 1425 tere 428 
Humidifier (with motor-driven fan)............Motor (seldom economical to use electric energy 
foraheating) ema enNcr ewe Res atciacie = siarsiteerticne weusisicks 50 ios 50%..--. Oct. 15-Apr. 15...... 2,020 ceielere 126 
Cooling equipment and air distribution: i 
PA ELOO ISN (2s CONS) lata ae sale inreceteneiiove lo iviieseieiel oa 31/2 hp total. Capacitor motor used to drive com- 
DL ESSOL eer eaten aha ns oliche,oie.e, oc el oreaeMohensts cohetscsiaiisse CHAU ace OARS San Apr. 16—Sept: 15..... CBHOS Seton 1,072 
B. 8-room house of average construction (4 9 hp total. Polyphase motor used to drive com- 
eFERN  oc Raced Sic ig DOLE Clee Pace Ieee c PLESIOLM AUT I ear tet toon aiiisl aor rele orcreley Va We tale S500 kes Sooners Apr. 15-Sept. 15..... 335.....2,840 
ie stoi led Ey asst & 58 ei Reed Ue GeO Oe os eS U/s-HD SPiith PHASE! Ot OL «1.70% pe afelel tele) lefimie etoile olels 2OOK Meters QO YAbooun Apr. 15—Sept. 15..... LOOG hes 150 
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Fig. 5. (Left) Running 
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(Right) Running 
load 7,000 watts; in- 
4-ton 


plant 
A. Clear day, 95 deg F 
maximum outdoor 
temperature 
B. Clear day, 85 deg F 
maximum outdoor 
fas temperature 
Cloudy day, 85 
deg F maximum outdoor 
temperature 
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Figs. 5 and 6. Winter (left) and summer (right) air conditioning loads (upper curves) compared with typical domestic electric 
lighting and small appliance loads (lower curves) 


use of such equipment does not aggravate the prob- 
lem of supplying on-peak load. 

As regards summer air conditioning equipment, 
Fig. 6 shows calculated load-time curves for a 4-ton 
house cooling plant compared with a typical summer 
lighting and appliance load.* The curves for air 
conditioning are only approximate, because their 
shape depends on assumed weather conditions, house 
construction, shielding features employed, and con- 
ditions of occupancy. Considering residential load 
only, the cooling load is partly on-peak, as regards 
the time of day at which it occurs; from the seasonal 
standpoint, however, it occurs during the time of 
light loads, both in domestic and commercial use. 

Seasonal distribution of air conditioning load is 
illustrated in Fig. 7, which represents graphically 
the monthly energy requirements of a domestic air 
conditioning plant. This chart is based upon the 
climate of Albany, using the data given in Table II, 
and is generally applicable for eastern and mid- 
western cities at about the same latitude. 

If the concentration of house cooling plant loads 
eventually becomes a problem, it may be feasible to 
provide equipment with storage capacity sufficient 
to permit shutting down during the period of greatest 
domestic load. As low temperatures are not used 
for comfort cooling, ice provides a suitable means 
of storage; hence, the equipment can be designed 
to freeze ice during off-peak periods. Carrying 
the same idea further, the operating periods and the 
load factor may be increased by using equipment of 
small capacity and lower demand, with larger 
storage. During severe hot weather, almost con- 
tinuous day-and-night operation might be attained. 
However, for equipments of household and small 
commercial size, the addition of storage capacity 
involves an increase in first cost, in spite of the 
reduction in machine capacity. Hence, it is un- 


* These curves representing test results on a group of 400 residences are 
redrawn from ‘“‘Residence Load Characteristics Based on Field Studies,’’ by 
G. L. Jorgensen and R. L. Matteson, Electrical World, Nov. 19, 1932. 
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likely that house cooling equipments with storage 
capacity will be used widely until the incentive of 
considerably lower operating cost is offered for plants 
that shut down during the peak load hours. 
Commercially manufactured ice has been used 
successfully in several small and medium capacity 
installations where the daily and seasonal cooling 
periods are of short duration. Low initial invest- 
ment is the principal advantage, the operating cost 
per day being relatively high. Consideration must 
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Fig. 7. Summary of energy requirements of air 
conditioning plant for a typical home in Albany 
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the removal of sediment. 
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be given also to the space requirement, the daily 
attention required in refilling the ice bunkers, and 
The question of ‘‘demand 
charge’’ also may enter, since the ice requirement is 
large and variable. 

As an alternative to the motor driven com- 
pressor, the water-vapor and steam-ejector cooling 
system justifies consideration in some cases. Given 
a modern automatic heating plant of the types 
mentioned earlier in this article, steam at 12 to 15 
Ib per sq in. pressure may be used as the energy 
source. Where central plant steam is accessible, 
the higher pressure available from such a source 
permits a better thermal economy, which may offset 
largely the higher unit cost of central plant steam. 


- Power required for auxiliary pumps and fans is rela- 


tively small, amounting to approximately °/, kw 
for an equipment of 5-tons cooling capacity. Adding 
to this the power required by the heating equip- 
ment, the electrical input becomes about 1 kw. 
The steam-ejector cooling system cannot be 
applied as generally as the compression system, 
because it requires not only steam under pressure, 
but also a large amount of condensing water as 
compared with a compression refrigerating machine. 


‘But where these requirements can be met, a steam- 


ejector system of 5-ton capacity or larger may 
compare favorably, both in first cost and in operating 
cost, with a vapor compression system of equal 
capacity. 


SUMMARY 


Briefly, the conclusions of this analysis are: 


1. The use of automatic heating and winter air conditioning equip- 
ment gives rise to an electrical load that is larger, per unit, than the 
domestic electric refrigerator load, and which in general, has de- 
sirable characteristics. 


2. House cooling equipment is available in several types, with vary- 
ing electrical requirements. The size of equipment required can be 
reduced materially if suitable house shielding be provided and if the 
requirements for air conditioning be considered in the design of new 
buildings. 


3. The power demand of a complete house cooling plant is large 
enough to warrant the installation of a separate polyphase power 
supply. A plant adequate for 2 rooms generally is within the 
limits of single phase house distribution service. 


4. If the operating cycle of cooling equipment adds unduly to the 
existing peak of domestic load, equipment designed for off-peak 
operation may be used, provided savings in operating cost can be 
realized to offset the increased investment. 


5. Without resorting to a cooling plant, considerable improvement 
in summer comfort may be secured by installing ventilating fans 
which involve a relatively small first cost and operating cost. For 
winter use, devices to humidify and circulate the air provide similar 
advantages. 


Accelerated Aging Tests 


on High Voltage Cable 


By 
D. W. ROPER Commonwealth Edison 
FELLOW A.1.E.E. Co., Chicago, Ill. 


/ ee that satisfactory 66-kv 
cable could be obtained, the Commonwealth Edison 
Company, Chicago, IIl., in 1926 adopted a new sys- 
tem plan! which included 66-kv underground lines of 
60,000-kva carrying capacity that practically con- 
stituted a bus extending across the city and sec- 
tionalized at the generating stations. The record 
of failures on this cable, which began shortly after it 
was placed in operation late in 1926, gave unmistak- 
able evidence (Fig. 1) that this assumption was not 
entirely warranted; and, further, that there were 
some marked differences in the quality of the insula- 
tion furnished by the different manufacturers. 
There resulted a great impetus to the investigations”* 
on cable for lower operating voltages that had been in 
progress in Chicago for several years. 


Full text of a paper (No. 33-75) to be presented at the A.I.E.E. summer con- 
vention, Chicago, Ill., June 26-30, 1933. ; 
1. For all references see bibliography at end of article. 
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Having found the 66-kv cable installed in 
1926 between generating stations to be 
unsatisfactory, the Commonwealth Edison 
Company, Chicago, Ill., set about to insure 
that cable used for similar installations in 
the future would be of a quality befitting 
its importance on the system. This object 
was attained by correlating test results with 
service records, devising new tests, and 
determining proper criteria to be used with 
all tests. From the results of an accelerated 
aging test, which produces in a short time 
the same indications of cable deterioration 
as those resulting from years of service, the 
stability of cable insulation can be deter- 
mined without testing to failure. 


The object of the investigations forming the basis 
of this article was to insure that the 66-kv cable 
secured by the Commonwealth Edison Company for 
later installations would be of a quality befitting its 
importance on the system. This object was attained 
by (1) correlating the results of tests with service 
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Fig. 2. Averages of results obtained on short-time 
high voltage tests on new 66-kv cable tested at 
factories 


The method of equating the test results to a voltage that will 
produce failure in a given time is based on Figs. 6 and 7 of 
Farmers paper® which indicated the tollowing relation be- 
~/ Constant 
Time 
Further investigations by the Electrical Testing Laboratories 
(New York, N. Y.), Commonwealth Edison Company, and 
others confirmed this relation and indicated that 2 should be 
about 6 for single-conductor cable and 7 for 3-conductor 
cable. With these values of 2, the equivalent periods of time 
at a convenient value of voltage were calculated for each of 
the various steps in the actual test and were added. With this 
result, the equivalent voltage for the given period of time then 
was calculated in the same manner for the total test 


tween voltage and time to failure: Voltage = 


records, (2) devising new tests, and (3) determining 
proper criteria to be used with all tests so that 
deficient cable would be eliminated by tests at the 
factory before shipment. 

About 1918, after the large insulation losses! of 
power cables had been made apparent, it became 
the practice for purchasers to require a measurement 
of the dielectric loss? as a part of the factory tests. 
The manufacturers, in their endeavors to reduce the 
dielectric loss of their impregnated paper insulated, 
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lead covered cables gradually abandoned the use of 
impregnating compounds consisting principally of 
rosin dissolved in rosin oil or in transil oil, and 
generally adopted mineral compounds similar to 
vaseline. A dielectric loss measurement was first 
included in American specifications about 1919. In 
the meantime, the change in the type of impregnating 
compound had resulted in the development of another 
kind of trouble in the insulation, called “ionization,” 
which may become apparent only after several years 
of normal service and then is manifested by a rapid 
increase in cable failures. As a result of this situa- 
tion, the cable manufacturers in 1924 reduced their 
guarantee period from 5 years to 2 years. This ac- 
tion eliminated the principal safeguard of the pur- 
chasers against cable of inferior quality and rendered 
necessary a revision of the test requirements included 
in cable specifications. 

An ionization test was first included in American 
cable specifications in 1924. There followed shortly 
a considerable improvement in the thoroughness of 
impregnation, and about the same time the manu- 
facturers changed from grease to heavy oils for their 
impregnating compounds. These changes were ac- 
companied by a large increase in the dielectric 
strength (Fig. 2) as determined by the short-time 
high voltage test. The long-time high voltage test 
first introduced in 1925 also showed a marked im- 
provement during the next few years in the initial 
quality of the insulation. 

Farmer, in a paper presented at an A.I.E.E. 
meeting in 1926, described the tests then being 
applied to impregnated paper insulated cables, their 
purpose, and their significance. Another paper? 
presented at the same meeting attempted to evaluate 
the merits of the several tests, and recognized that 
the specifications were inadequate in that it was 
possible for cable to pass all the required tests and 
still prove quite unsatisfactory in service. 

Evidence of the difference in quality of the 66-kv 
cable noted shortly after the cable was placed in 
service, as well as information which developed later 
(Fig. 1) may be summarized briefly as follows: 


1. Cable A had no insulation failures. 


2. Cable B on the heavily loaded line (6311) had a gradual increase 
in the number of failures for the first 3 years, and then the rate of 
failures suddenly increased. 


3. After several initially defective lengths of cable C on the heavily 
loaded line had failed and been replaced, this cable gave a perfect 
record for 3 years; then failures rapidly increased. 


A. Cables B and C, which had such an unsatisfactory record on the 
line with heavy loads, gave much better service on another line 
(6341) with loads about 2/3 as large. 


pr 


5. Cable D on the lightly loaded line had no failures. Therefore, 
it is apparent that (a) insulation may be deficient initially and 
troubles will develop very quickly after the cable is placed in service; 
(b) the deficiency may be of a class that will not develop serious 
trouble for several years; and (c) the insulation may appear very 
deficient when the cable is required to carry full load every day, but 
may be satisfactory when moderately loaded for the period covered 
by this investigation. 


CRITICAL COMPARISON OF 
TEST RESULTS AND SERVICE RECORDS 


Short-Time High Voltage Test. This test is made 


on a short sample (10 ft long under the lead) that 
has been subjected to the bending test; it consists 
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of applying for 5 min an initial voltage nearly twice 
that applied to each full reel length of cable, and 
then increasing the voltage in steps until failure 
occurs. 

As shown in Fig. 2, cable A made in 1926 was 
somewhat better than the other cables, and the test 
results for all cables were above the specification 
requirements. Later data in the same figure further 
indicate that, had the specification requirement been 
raised to 400 kv, for example, then cable A, which 
holds the best service record, would have been 
eliminated in subsequent years. From this informa- 
tion, it may be concluded that: 


I. While the short-time high voltage test may be valuable in 
determining the original quality of the insulation, it is of no value 
as an indication of the stability of the insulation. 


Long-Time High Voltage Test. The long-time high 
voltage test has been termed an accelerated life test, 
as it is made by the application of a voltage several 
times normal to a long sample (75 ft) of cable over a 
period of hours until the cable fails. As shown in the 
~ left side of Fig. 3, this test, made on new cable, gives 

results that are but little more significant of the 
stability of the insulation than is the short-time high 
voltage test. 

During the first year of operation of the 66-kv 
cable, it was discovered by temperature surveys that 
as a result of local conditions about 2 miles of the 
heavily loaded line was operating at a higher tem- 
perature than the rest of the line, causing the load 
on the entire line to be limited by the temperature 
of this portion. During the summer of 1928, all 
of the 750,000-cir mil cable in that portion of the 
- line was replaced by 1,000,000-cir mil cable; this 
afforded an opportunity to make tests for determin- 
ing the relative deterioration of the 4 original cables 
during their first 20 months of service. The results 
of the accelerated life tests on these cables shown on 
the right side of Fig. 3 indicate that, while cable A 
had undergone no deterioration, cables B and D had 
_ deteriorated considerably and cable C somewhat less. 

Results of these tests were so interesting that a few 
lengths of cable from the lighter loaded line were 
removed solely for the purpose of making similar 
tests, with results as shown in the middle of Fig. 3. 
While these data indicate that cable B had undergone 
some deterioration on the 2 lines, the difference in the 
deterioration as determined by this test was in- 
sufficient to account for the difference in its service 
record (Fig. 1) on the 2 lines. Cable B removed 
from line 6341 shows more deterioration than does 
cable C removed from line 6311; consequently if 
this test were of value as a measure of insulation 
deterioration, cable B on line 6341 would have a 
poorer service record than cable C on line 6311. 
This, however, is not true, for there have been no 
insulation failures of cable B on line 6341 (Fig. 1). 

From these results it appears that: 


II. The long-time high voltage test applied to cables that have 
been in service is interesting because it gives very different results 
when applied to cables that when new, were of about the same 
quality. 

Ill. The test is of considerable value as an indication of the quality 
of insulation at the beginning of the test, but is of slight value in 
determining the rate or extent of future deterioration. 
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IV. Loads to be carried are an important factor in determining the 
requirements for the cable. 


The relative amount of visible evidence of de- 
terioration of cables A, C, and D found on dissection 
of the samples after test was roughly proportional to 
the reduction in the time that they withstood the 
accelerated life test. Cable B showed proportion- 
ately much less evidence of deterioration than C and 
D, but it was the only one that contained rosin; 
hence: 

V. The presence of rosin in the impregnating compound will not 


prevent deterioration of the insulation, but it may restrain or retard 
the development of visible signs of deterioration. 


Dielectric Power Loss. Examination of the records 
of initial power factor tests on insulation made at the 
factory on the several 66-kv cables purchased in 1926 
and in subsequent years (Fig. 4) indicates no sig- 
nificant differences that can be correlated with the 
rate of deterioration of the several cables. The 
records in recent years show less variation in dielectric 
loss at the maximum operating temperature. This 
loss is now so low that all chance of dielectric loss 
failures? is eliminated, unless the loss materially in- 
creases in service. 

By examining the records of sections of cable re- 
moved from time to time from the 2 lines under 
discussion (Fig. 5) interesting information is obtained 
on increase of power factor of cables in service. 


Fig. 3. Averages of oe 
results obtained on 
long-time high volt- 
age tests on 66-kv 
cable made in 1926; 
cable tested at fac- 
tories and in Chicago 
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Fig. 5. Average 
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Cable A shows a slight increase, but even the in- 
creased loss (about 0.3 watt per foot) is very low; 
cables B and D show the highest increase; cable C 
shows a smaller increase and only a slight difference 
in deterioration on the 2 lines. However, cable C 
had widely differing service records on the 2 lines 
(Fig. 1). Cable D shows an increase in power factor 
as great as B, and neither has had any service failures 
on the moderately loaded line. 

These results appear to warrant further conclu- 
sions: 
VI. Two distinct forms of deterioration with service may occur: 
(1) deterioration which is manifested only by an increase in dielectric 
loss; and (2) deterioration which results not only in an increase in 


dielectric loss, but also is accompanied by an increase in service 
failures. 


VII. Initial power factor measurements give no significant pre- 
diction of the rate of deterioration in service. 


Since the increase in dielectric loss of cable D, as 
shown in Fig. 5, means that the dielectric loss 
increased from 2 per cent to 7 per cent of the total 
annual charges, it would be economical to pay 15 
per cent more for this cable if the dielectric loss 
remained constant at the initial value throughout 
the life of the cable. 

Ionization Tests. Tests are made at the factory on 
each length of cable to determine the ionization 
factor, i. e., the increase in power factor between 20 
and 100 volts per mil of insulation. Test results 
(Fig. 6) show that cable A of 1926, which has had 
no insulation failure to date, had a much lower 
ionization factor than the other cables, and that 
cable B had a higher ionization factor than cable C. 
If the failures of cable C, due to initially defective 
insulation (Fig. 1) are eliminated from consideration, 
it is found that the relative magnitudes of the ioniza- 
tion factors of the 1926 cable on line 6311 give a 
significant indication of the relative rates of de- 
terioration leading to failures in service. 

This statement is confirmed by the record of 
66-kv cable installed subsequent to 1926 since, if 5 
failures in 1930 which occurred a few weeks after 
the cable was installed (thus indicating initially 
defective insulation) are eliminated from considera- 
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values are probably erroneous. Only 2 lengths of cable D 
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tion, the 3 remaining insulation failures are equal to 
about one failure per 300 miles of cable per year of 
service—a highly satisfactory record. All of this 
cable had ionization factors of less than 0.2 of one 
per cent. 

These data show that: 
VIII. The ionization factor for cable which is to carry full load 


daily should be less than 0.2 of one per cent in order to insure a 
satisfactory service record. 


If, now, the ionization factors of the cables on the 
2 lines installed in 1926 are compared, it will be 
noted that: 


IX. While an ionization factor less than 0.2 of one per cent appears 
necessary to insure satisfactory cable on a heavily loaded line, a 


higher ionization factor may be satisfactory if the cable regularly 
carries only moderate loads. 


ACCELERATED AGING TESTS 


Since all of the tests had failed to give any signifi- 
cant indication of insulation stability, investigations 
were started for the purpose of devising a test which 
when applied to new cable would duplicate within a 
limited time the deterioration in all grades of insula- 
tion that had been noted on cables in service. Sev- 
eral cable manufacturers in private conference some 
years earlier had suggested that the suitability of 
impregnated paper insulation for the higher voltages 
be determined by subjecting the cable to excess 


ELECTRICAL ENGINEERING 


voltage with superposed loading cycles, and taking 
“measurements of the power factor at intervals. 
Accordingly, after it had been determined that the 
loading of the 66-kv cable was an important factor 
in its deterioration, a series of high voltage tests 
with superposed loading cycles was made on short 
lengths of cable. All of these tests were made on 
750,000-cir mil single-conductor lead-covered cable 
with 750 mils of impregnated paper insulation. 

Test Conditions. Twenty-one samples, from 25 to 
50 ft long, were tested by connecting several samples 
in series (Fig. 7) with insulating joints in their lead 
sheaths to exclude the joints and potheads from the 
measurements on the cable. The joints were made 
especially to prevent the movement of gas or com- 
- pound into or out of the cable samples. Tests were 
made at various voltages from 1.5 to 3 times normal 
and lasted from 2 to 84 days. Heating cycles were 
obtained by (1) circulating current through the con- 
ductor and cooling with water through a jacket 
around the cable, (2) submerging the cable in oil and 
heating and cooling the oil, and (8) circulating cur- 
rent through the conductor with the cable in air, 
with and without current in the lead sheaths. 
Minimum cable temperature was room temperature 
while the maximum ranged from 50 to 85 deg C, 
i.e., from 10 deg below to 25 deg above the maxinium 
permissible operating temperature of 60 deg C. 
Testing facilities were provided for measuring the 
power factor of any sample at any portion of the 
heating cycle without interrupting the current in the 
conductor. The longest continuous application of 
_ the voltage was 18 days. 

Two samples, each 1,000 ft long, were tested also 
in the field laboratory (see Figs. 28 and 29 of refer- 
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ence 7) where they were installed in a standard con- 
duit. These cables were connected to a bus which 
in turn was connected to one conductor of a 132-kv 
overhead transmission line, so that the cables were 
subjected to all the transient voltages caused by 
lightning and switching. The load on these cables 
was carried through successive cycles as in the tests 
on short cable samples, independent of the load on 
the transmission line. Copper temperatures of these 
samples were varied up to a maximum of 60 deg C. 
Facilities were available for measuring power factor 
and ionization factor. 

Observations. Failures in cable of the lower grade 
usually were preceded by local heating; since the 
development of loca! heating is restrained or retarded 
when the cable is immersed in oil or water, cables 
tested in air gave results which best correlated with 
service records. With the cable in air and with 
double normal voltage continuously applied, about 
125 per cent of maximum rated line current was 
reqttired to heat the conductor to 60 deg C in 5 hr. 

Tests at 1.5 times normal voltage required too long 
to develop definite results, and failed to exclude 
cables 4 and 5 (Figs. 8 and 9) which from operating 
records were known to be unsatisfactory. However, 
tests at twice normal voltage developed within a few 
days a marked difference in the results on 2 cables 
(Fig. 10) which had but a moderate difference in 
ionization factor and which had shown practically 
the same results in the long-time high voltage test 
(note IX ante). Tests at 3 times normal voltage 
failed to correlate with service records. 

Significant results were obtained in the tests on 
short samples, from measurements of power factor at 
minimum and maximum temperature of each loading 
cycle and from measurements of ionization factor at 
less frequent intervals. It was noted that in the 
lower-grade cable large increases in dielectric loss 
sometimes varying over a wide range may develop 
during the tests, but failure may not ensue for a long 
period. Failures of high-grade cable with low di- 
electric loss may develop so rapidly that no marked 
increase in power factor will be noted unless the 
measurements are practically continuous. All fail- 
ures except one occurred during the cooling por- 
tion of the loading cycle. The one exception 
noted was the failure of one of the 1,000-ft lengths 
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which occurred after the cable had reached minimum 
temperature. 

Some interesting observations were made on the 2 
1,000-ft lengths, these cables being practically identi- 
eal as determined by all other tests. Cable A failed 
after operating one month at double voltage and 
without load, 2 months with loading cycles resulting 
in a maximum temperature 46 deg C or less, and 6 
additional months with loading cycles up to 60 deg C. 
Cable E failed after operating one month without 
load, and 2 months with loading cycles up to a maxi- 
mum temperature of 37 deg C. Both cables showed 
about the same moderate amount of visible evidence 
of deterioration in the insulation. Cable A showed 
an increase in power factor at 20 deg C and test 
voltage, from 0.3 per cent to 0.5 per cent; and an 
increase in ionization factor at 20 deg C from 0.02 
to 0.06 per cent. Cable E showed an increase from 
0.3 per cent to 0.39 per cent in power factor, and in 
ionization factor at 20 deg C from 0.005 to 0.06 per 
cent. 

Satisfactory cable upon examination showed no 
visible signs of deterioration at double normal voltage 
after tests ranging from 2 to 9 months (Fig. 11); 


XI. The criterion of quality is the stability of the insulation during 
the accelerated aging test; there must be practically no deterioration 
of the insulation, that is, (1) no significant increase of power factor 
at maximum and minimum temperatures; (2) no significant increase 
in ionization factor at room temperature; and (3) no visible signs 
of deterioration of insulation upon dissection after completion of 
the test. Tests to failure are unnecessary. 


XII. Better information regarding the quality of cable is obtained 
by testing several sections, each 50 ft long, than would be obtained 
by testing several times as much cable in one length. 


XIII. Improvements in the manufacture of impregnated paper 
insulation of the ordinary type in recent years has made it possible 
to secure insulation for operation at 66-kv that gives very satisfactory 
service. 


SUGGESTIONS FOR FURTHER INVESTIGATION 


Further investigations may indicate the possibility 
of using somewhat higher voltage than double normal 
in the accelerated aging test, in order to shorten the © 
time of the test and make it less expensive. With the 
inclusion of the accelerated aging test in the specifica- 
tions, it may be possible to eliminate several tests, 
now included therein, without materially increasing 
the total cost of testing. 

During the past few years, in which the accelerated 
aging test has been practically in effect in Chicago, 
the only cable failures that have occurred apparently 
have resulted from local deficiencies in the insulation 
which cannot be detected by any known test. These 
defective lengths have amounted to about 0.3 of one 
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CONCLUSIONS 


Summarized briefly the conclusions reached as a 
result of the accelerated aging tests are as follows: 


X. Accelerated aging tests on 50-ft samples of 66-ky cable at 
double normal voltage and with superposed daily loading cycles 
resulting in a maximum copper temperature of 60 deg C will develop 
in a few weeks, in cables of all grades tested, about the same indica- 
tions of deterioration as are found in the same cables after years of 
service. 
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Fig. 11. Deterioration found upon examination of 

cable after accelerated aging tests; results arranged in 

order of quality as determined from all information, 
best sample on left 


F. At failure ep x Hottest portion N. Normal portion 
No dendritic designs were found except at failures 


ELECTRICAL ENGINEERING 


BIBLIOGRAPHY 


1. System CONNECTIONS AND INTERCONNECTIONS IN CHICAGO DIstTRIcr, 
G. M. Armbrust and T. G. LeClair. A.I.E.E. Trans., v. 49, 1930, p. 582. 

2. Drerectric Losses AND STRESSES IN RELATION TO CABLE FAILURES, 
D. W. Roper. A.I.E.E. Trans., v. 41, 1922, p. 547. 

8. THe Quavity Ratinc or Hich Tension Caste WitH IMPREGNATED PAPER 


INSULATION, D. W. Roper and Herman Halperin. A.I.E.E. Trans., v. 45, 
1926, p. 528. 


4. Tue InrFLuENcE oF Dire_ectric Losses on THE RATING OF HiGH TENSION, 
UNDERGROUND Cazes, A. F. Bangand H. C. Louis. A.I.E.E. TRans., v. 26, 
1917, p. 431. 


5. MEASUREMENT OF PoweR Loss IN DieLecrrics or THree-CONnDUCTOR 
HicH-TENSION CABLes, F. M. Farmer. A.I.E.E. Trans., v. 37, 1918, p. 221. 


6. Tests or Parer INSULATED, Hicnh Tension Caprie, F. M. Farmer. 


A.1.E.E. Trans., v. 45, 1926, p. 553. 
7. Economics or Hicu Voitace Casie, D. W. Roper. 
v. 50, 1931, p. 1399. 


A.LE.E. TRANg., 


Beauharnois Development 
of the St. Lawrence River 


Development of the power resources of 
that portion of the St. Lawrence River 
which forms part of the boundary between 
the United States and Canada, for many 
years has been studied by engineers and 
talked by politicians; and neither the end 
of the discussion nor the start of construc- 
tion is yet in sight. Equal in magnitude of 
power output, but not of expenditure, is 
the Beauharnois development of the Soul- 
anges section of this same river, a wholly 
Canadian enterprise the initial installation 
of which is now in operation. The power 
canal of this development will form an 
integral part of the proposed St. Lawrence 
waterway. This article describes the project 
as a whole in a general way and presents 
in more detail the principal features of the 
electrical installation. 


By 


W. S, LEE Consulting Engineer and President, 
PAST-PRESIDENT A.I-E.E. W.S. Lee Engg. Corp., Charlotte, N. C. 


es FIRST SECTION of the Beau- 
harnois hydroelectric development, which has been 
under construction for the past 3 years, was placed 
in operation on October 1, 1932, by the Beauharnois 
(Province of Quebec, Can.) Light, Heat and Power 
Company, Ltd. The power station is located less 
than 25 miles from the city of Montreal; when com- 
pleted it probably will be the largest hydroelectric 


Full text of a paper (No. 33-62) to be presented at the A.I.E.E. summer con- 
vention, Chicago, I1l., June 26-30, 1933. 
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station in the world as provision is made for an ulti- 
mate installation in generating capacity of 2,000,000 
hp in the one station to be operated as a single unit. 

The layout, design, and construction of this de- 
velopment is based upon step by step construction 
as needed to meet the power demand, thus keeping 
the initial expenditure at a reasonable figure, but 
allowing additional steps to be constructed with a 
minimum cost and without interfering in any way 
with the equipment previously installed. A unique 
feature of this development is that nothing was 
sacrificed by the adoption of step by step construc- 
tion; the overall efficiency will be as high and the 
total capital investment will be as low as if the 
ultimate installation had been constructed in one 
operation. 

Dikes for the power canal are built for full canal 
width; as additional water diversion is required, 
additional excavation will be carried on by hydraulic 
dredges driven electrically from power which the 
station itself will generate. This canal will be an 
integral part of the proposed St. Lawrence Water- 
way. The power house for the ultimate installation 
will be one continuous structure approximately 
3,000 ft long, with one centralized point of control. 
The forebay will be common to the entire station, 
but the tailrace will be constructed in 3 sections 
with the spaces between tailrace sections utilized 
for the switching and transmission structures neces- 
sary for handling this enormous amount of power. 
Exceedingly careful study and cooperation was re- 
quired to balance properly the hydraulic and elec- 
trical design for this feature. The 3 divisions of the 
tailrace enables one or 2 of them to be operated while 
the other is being excavated and also saves the addi- 
tional cost of cofferdamming for unwatering purposes. 

When complete utilization is made of the avail- 
able stream flow, the development will be a complete 
unit, but by the adoption of the step by step con- 
struction a very efficient initial installation was 
secured. The initial financing required was, of 
course, much less than would have been required for 
completion of the development in one operation. 
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Exterior view of present power house (1/3 of the ultimate) before construction was completed 


Site NEAR AN INDUSTRIAL AREA 


Between Lake St. Francis and Lake St. Louis the 
St. Lawrence River has a fall of 83 ft in an air line 
distance of approximately 15 miles. The flow of this 
river is unusually uniform, the average mean flow 
being 220,000 cfs; maximum and minimum recorded 
flows in the past 70 years are, respectively, 318,000 
and 173,000 cfs. Utilization of the whole mean flow 
represents a possible ultimate of 2,000,000 hp which 
can be developed at the one site at Beauharnois. 

The development consists of a diversion canal be- 
tween the 2 lakes with the power plant at the Lake 
St. Louis end. The diversion canal follows closely 
the route proposed for a navigation canal by the 
various international joint commissions; the Cana- 
dian government has reserved the right for such use 
and to construct the necessary locks between the 
canal and Lake St. Louis. Included in the power 
company’s agreement with the Canadian govern- 
ment is a provision fer the construction of control 
works at the head of Coteau Rapids to regulate flow 
and to maintain the level of Lake St. Francis. The 
power station is situated within 25 miles of the city 
of Montreal and is within convenient transmission 
distance of a great industrial area. 


CANAL 


The canal is 15.5 miles long and extends across 
the relatively flat country between Lake St. Francis 
and Lake St. Louis. Much of the canal area is be- 
low the level of the upper lake; consequently the 
canal is carried between dikes for its entire length. 
At the Lake St. Francis end the dikes are low, in- 
creasing gradually to a maximum height of 45 ft 
in the vicinity of the power house forebay. Thedikes 
are built for a channel width of 3,000 ft to take care 
of the ultimate diversion of 220,000 cfs. For the 
initial installation only part of the ultimate channel 
is excavated below ground line; as additional water 
diversion is required, the channel will be dredged 
accordingly. The canal is designed for a maximum 
water velocity of 2.25 ft per second. 


POWER STATION 
While the canal excavation was chiefly in marine 


clay, with the exception of approximately one mile 
of boulder clay, the presence of a rock ledge approxi- 
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mately 1,000 ft wide served as an excellent founda- 
tion for the power house structure although it re- 
uired that the tailrace channels be excavated from 
solid rock. The forebay will be common to the entire 
station, the north dike being so designed and located 
as to require minimum change for power house ex- 
tension. Three independent tailraces will be pro- 
vided each serving 1/3 of the ultimate development. 
This not only allows the tailraces to be constructed 
one at a time as required, without interference with 
prior construction, but also provides adequate areas 
between tailraces for switching and transmission 
structures for the outgoing power circuits. 


Interior view of the power house before construction 
was completed 
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Steel work of the 220-kv switching station may be seen near the far end of the bridge over the tailrace 


The present power house, approximately 1,100 
ft in length, is designed for 14 50,000-hp generating 
units and 2 7,800-hp station service units, and is 
capable of extension for the maximum of 42 50, 000-hp 
units required for utilization of the entire mean river 
flow. Two 7,800-hp 60-cycle service units, 2 50,000- 
hp 60-cycle main units, and 2 50,000-hp 25-cycle 
main units are now in operation. To meet present 
power contract requirements 2 additional 50,000-hp 
60-cycle units and 4 additional 50,000-hp 25-cycle 
units are to be installed prior to October, 1937. 
_ This leaves space available for 4 more units to meet 
additional power requirements without extending 
the present power house. At present sluiceways are 
installed in the space for 2 units to permit by- 
passing water if found desirable. In order to tie in 
the power house structure with the north dike, it 
was found advantageous to extend the bulkhead 
structure for 4 units beyond the end of the present 
power house. 

On the el-94.0 floor are the governors and govern- 
ing equipment, water and oil supply pumps, oil fil- 
tration and storage system, space for repairing 
mechanical and electrical equipment, machine shop, 
and storage space. This floor is the main mechani- 
cal operating floor of the station, all control and 
indicating equipment for such operation being tinder 
the direct supervision of the turbine operators. Be- 


NOTE :—"“X" DENOTES DISCONNECTING 
220-KV 


4 TO HYDRO-ELECTRIC POWER 
COMMISSION SYSTEM 


tween the generator piers and the downstream wall 
is a continuous gallery of sufficient width for a 10- 
ton truck to traverse the length of the station, thus 
affording facilities for quick and convenient move- 
ment of small repair parts and other equipment. 
On the el-115.0 floor are the generators, motor 
driven exciters, generator circuit breakers, and in- 
strument transformers used for indicating the genera- 
tor output. Suspended below the el-133.0 floor are 
the 13.2-kv power transfer buses. On the el-133.0 
floor are the individual control switchboards for 
each generator, metering switchboards, 550-volt 
auxiliary cubicles and the 13.2-kv breakers which 
connect into the auxiliary ring bus suspended below 
the el-149.5 floor. A conduit tunnel (floor el-133.0) 
12 ft wide and 20 ft high extends the length of the 
station and connects with the conduit room below 
the control room and also with the conduit tunnels 
extending to the various switching stations. A pipe 
gallery (el-149.5) is provided for all piping and 
connections to the water and oil supply systems for 
the power transformers. On the bulkhead are 
situated the gantry cranes operating the head- 
gates, all power transformers, and the 120-kv trans- 
former circuit breakers. Disconnecting switches 
are installed on steelwork on the power house roof 
for isolation of station equipment. 

At the east end of the power house a service build- 
ing is built as an integral part 
of the power house structure. 
A lobby, superintendent’s 
office and general offices are 
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situated on the generator floor 
level (el 115.0). On the el- 
133.0 floor, space is provided 
for laboratories, meter testing, 
and other service require- 
ments. The el-146.0 floor 
connects with the conduit 
tunnel and is used for making 
all control connections to the 
master control equipment on 
the el-159.0 floor. Battery 
charging sets and batteries for 
the 48- and 250-volt control 
circuits also are installed on 
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control switchboards for the 
station, and the chief opera- 
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tor’s office. The layout is such that the maximum 
station installation of 2,000,000 hp can be controlled 
from this one control room. 


GENERAL ELECTRICAL LAYOUT 


In considering the electrical layout for this sta- 
tion, it was realized that the units must be operated 
in independent groups corresponding to the require- 
ments of the customers, but at the same time the 
requisite flexibility for maximum economic use of 
the installed equipment must be secured. One of 
the accompanying illustrations indicates schemati- 
cally the wiring adopted for the first group of units. 

For delivery of 60-cycle-power at 120-kv to the 
Montreal Light, Heat and Power consolidated the 
use of a generator with a 3-phase step-up trans- 
former as a unit proved most economic, no generator 
breakers being provided. A 138.2-kv transfer bus 
is installed for transfer purposes but will not be used 
for paralleling generating units. To supply 60-cycle 
power at 44 kv for construction purposes and local 
industrial load, a 23,250-kva transformer is fed at 
present from the transfer bus. 

For delivery of 25-cycle power at 220-kv to the 
Hydro-Electric Power Commission system, a scheme 
was adopted involving 2 generators each feeding into 
an independent low voltage ‘‘delta’”’ of a step-up 
transformer bank having a capacity corresponding 
to 2 generators. The high voltage bus arrangement 
is of the modified ring type. 

For the auxiliary system, 2 generators, each of 
capacity sufficient to carry the entire auxiliary load, 
feed into a 13.2-kv ring bus. At the extreme end 
of the ring a connection is provided to the 60-cycle 
transfer bus for emergency operation from any 60- 
cycle main generator. Transfer switches also are 
provided so that in the event of failure of any ring 
section, the auxiliary transformer operating from the 
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defective section can be switched temporarily to the 
opposite ring section until normal ring closure is 
secured. 

Essential auxiliaries for each group of 2 main units 
are fed from a 3-phase 1,350-kva transformer, 
energized from an independent section of the 
auxiliary bus and stepping down from 13,200 to 
550 volts. A transformer bank of the same rating 
is provided for general station auxiliaries. Circuit 
breakers controlling the auxiliary equipment are 
housed in steel cubicles on the mezzanine floor of 
the station (el 133.0) and are operated from the 
turbine operator’s control and signal panels situated 
adjacent to the governor stands on the el-94.0 floor. 


MAIN GENERATING EQUIPMENT 


Main generating units each consist of a 75-rpm 
37,300-kw generator direct connected to a 53,000- 
hp Francis type turbine. The 60-cycle units are 
rated 46,625 kva at 80-per cent power factor, 13,200 
volts, 55 deg C rise; the corresponding 25-cycle 
units are rated 43,882 kva at 85-per cent power 
factor, 13,200 volts, 55 deg C rise. The 25- and 60- 
cycle units are identical in external appearance; 
they have an outside diameter of 40 ft and a height 
from floor line to base of signal lamp fixture of 10 ft. 
Both 25- and 60-cycle units are capable of continuous 
operation at 14,520 volts at full rated kva. To in- 
sure stability, a rotor WR? of 110,000,000 (moment 
of inertia about its own axis in lb-ft”) was specified 
for both 25- and 60-cycle units, together with a short 
circuit ratio of 1.00 for the 60-cycle units and 1.25 
for the 25-cycle units. The higher short circuit ratio 
for the 25-cycle units was required because the units 
feed into the extensive 220-kv network of the Hydro- 
Electric Power Commission. The generators are 
provided with 2 independent windings per phase, 
current transformers for the relaying system being 
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installed in each end of each winding. To simplify 
terminal connections, these current transformers are 
mounted inside of the generator frame where ample 
space is available. 

The weight of the rotating element plus the 
hydraulic thrust is carried by a thrust bearing below 
the rotor. This arrangement reduced the generator 
weight and height, and facilitates dismantling the 
unit as the rotor can be lifted from the generator 
shaft without dismantling the thrust bearing. Guide 
bearings are provided above and below the rotor, 
and an adjustable lignum-vitae guide bearing is 
provided for the runner. A complete unit oiling 
system is provided for each generating unit. 

Governor stands are situated on the operating 
floor (el 94.0) in close proximity to the servo-motors 
and all governing equipment, all of which is arranged 
in right and left pairs between each group of 2 units. 
The mechanical and electrical equipment is so in- 
stalled that 2 generating units constitute a complete 
100,000-hp unit that can be operated as a separate 
and independent station. 


STATION SERVICE GENERATING EQUIPMENT 


The 2 station service units each consist of an 180- 
rpm, 60-cycle generator rated 5,760 kw, 7,200 kva 
at 80-per cent power factor, 13,200 volts, 55 deg C 
rise, direct connected to a 7,800-hp Francis type 
turbine. The general layout is similar to that of 
the main units except that the conventional design 
of generator is used with the thrust bearing above 
the rotor. The generators are provided with direct 
connected exciters. Generator windings consist of 
a single circuit per phase with a current trans- 
former installed in each end of each winding; these 
transformers are mounted inside of the generator 
frame. 


General plan of power station 
and vicinity 
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EXCITATION SYSTEM 


Each main generator is provided with an individual 
3-unit motor-driven exciter set consisting of a 320- 
kw 250-volt shunt-wound separately excited d-c 
generator, a 4-kw 250/250-volt compound-wound 
sub-exciter, and a 1,200-rpm 550-volt line start 
squirrel-cage induction motor. To reduce the length 
of field leads to a minimum, as well as to allow crane 
handling, the exciter sets are located on the generator 
floor adjacent to the corresponding generators. To 
facilitate replacing a defective exciter set with a 
spare, the bottoms of the set bases are planed and are 
supported on planed H-beams set in concrete. 
With this arrangemeut a spare exciter unit can be 
set in place without the time delay incident to align- 
ment. Exciter sets for the 25- and 60-cycle genera- 
tors are identical. An individual voltage regulator 
operated by a torque motor in conjunction with a 
bridge type rheostat in the exciter field provides 
high speed excitation for each main generator. 
The excitation system is designed for a rate of 
response of 200 volts per second and for a stable 
exciter voltage range from residual voltage to the 
ceiling voltage of 300 volts. 

The direct connected exciter on each of the 
station service generating units is controlled by a 
voltage regulator of the same type as those installed 
for the main units, except for the omission of the 
high speed contactors; this regulator is used in con- 
junction with a motor operated rheostat in the 
exciter field. As the 2 service units operate in 
parallel, cross compensation is provided. 


POWER TRANSFORMERS 


All power transformers are located on the bulk- 
head in the space corresponding to their generating 
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equipment, thus reducing the low voltage bus length 
to a minimum. Transfer cars and tracks are pro- 
vided on the bulkhead; by using the gantry crane, 
the transformers can be lowered to a similar trans- 
fer equipment at ground elevation (115.0) and thence 
brought into the power house where a repair pit is 
provided. A complete oil pump, filter press, and 
storage and piping system is provided so that the 
transformer oil can be drained, filtered, or replaced 
conveniently. Water supply pumps are in duplicate, 
550-volt power for the driving motors being taken 
from separate auxiliary transformer banks. 

For delivery of 25-cycle power at 220 kv, 3 single- 
phase water-cooled transformers are used, each 
rated 29,250 kva, 50 deg Crise; they are A-connected 
on the low voltage side and star-connected on the 
high voltage side to transform from 13.2 to 218 ky, 
these rated voltages being based upon full rated 
kva at 85 per cent power factor. Each trans- 
former has 2 low voltage windings each of 1/2 rated 
transformer capacity; that is, the bank has 2 in- 
dependent low voltage A-connected windings each 
of which is connected to an independent generator. 
As the reactance between these two A’s is high (55 
per cent based upon rated transformer kva) the 
short circuit stresses on generator windings and 
buses, generator breaker duty, etc., are reduced ma- 
terially. The high voltage windings are provided 
with full capacity taps 5 per cent above and below 
the rated voltage of 218 kv. Core and coils were 
shipped assembled (except for some of the coil end 
insulation) in nitrogen in a special shipping tank. 
The transformer tanks, which are 13 ft 2°/, in. in 
diameter, were shipped in 3 sections. The com- 
plete transformers have a height of 25 ft 3 in. from 
rail to top of tank and an overall height of 36 ft 2 in. 
The total net weight per transformer is 415,000 lb, 
of which 152,000 ib is oil. 

Transformers used for delivery of 60-cycle power 
at 120 kv are water-cooled 3-phase units rated 46,500 
kva, 50 deg C rise, 13.2/120 kv; these rated voltages 
are based upon full rated kva at 85-per cent power 
factor. The low voltage windings are A-connected, 
and the high voltage windings star-connected; the 
high voltage windings are provided with 5-per cent 
full-capacity taps above and below 120 kv. As- 
sembled core and coils were shipped in oil in the lower 
section of the 2-section tank. Transformer tanks 
are oval 9 ft 3 in. by 17 ft; the transformers have 
a height of 21 ft from rail to top of tank and an over- 
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all height of 27 ft 3 in. The total net weight per 
transformer is 282,000 lb, of which 109,000 Ib is oil. 

Transformers used for delivery of 60-cycle power 
at 44 kv are water-cooled 3-phase units rated 23,250 
kva, 50 deg C rise, 13.2/44 kv. The low voltage 
windings are A-connected, and the high voltage 
windings star-connected; 46- and 48-kv full capacity 
taps are provided. The voltage ratings are based 
upon full rated kva at 85-per cent power factor. 
The general design of these transformers is similar 
to the design of the 46,500-kva 120-kv transformers 
but because of their relatively small size it was 
possible to ship them in their own tanks in oil. 

An induced voltage test of 480 kv was specified 
for the 220-kv transformers, 252 kv for the 120-kv 
transformers, and 97 kv for the 44-kv transformers. 
The impulse strength of the 220- and 120-kv trans- 
formers is guaranteed to be in excess of line insula- 
tion, which consists of, respectively, 14 and 7 10-in. 
insulator units, spaced 5°/, in. 


CrircuIT BREAKERS 


All circuit breakers are designed for an interrupting 
capacity in excess of estimated maximum require- 
ments. The specified interrupting capacity (OCO 
plus OCO basis) is 2,500,000 kva for the 230-kv 
breakers; 1,500,000 kva for the 138-kv breakers 
controlling the 120-kv circuits; 1,000,000 kva for 
the 46-kv breakers; 800,000 kva for the 15-kv 
generator circuit breakers for generating units Nos. 9 
and 10; and 600,000 kva for all other 15-kv station 
breakers. 

The 230- and 138-kv breakers are of the oil blast 
explosion chamber contact type and are designed 
for high speed operation, the time from energizing of 
trip coil to arc extinction being 0.133 sec (8 cycles on 
a 60-cycle basis). The one-minute voltage test 
specified on the assembled breakers was 520 and 312 
kv, respectively, for the 230- and 138-kv breakers. 
Impulse strengths of the 230- and 138-kv breakers 
are guaranteed in excess of the strength of cor- 
responding line insulation, which consists of, re- 
spectively, 14 and 7 10-in. insulator units spaced 
53/4 in. 

The 15-kv station breakers meet all A.I.E.E. 
insulation requirements for 25-kv rating, the one- 
minute test voltage being 58 kv and the bushing 
flashover 75 kv. Breakers are designed for high 
opening and closing speeds, the elapsed time from 
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energizing of closing coil to 
touching of contacts being 0.35 


sec, and the elapsed time from 
energizing of trip coil to part- 
ing of contacts being 0.08 sec. 
The average breaker speed 
after parting of contact is 
approximately 7 ft per second = 


for the 2,400-amp breakers and Seat 
mit per second for the EL 160-5. 
600-amp_ breakers. af 
B 
Bus SysTEmMs EL14g.0 | 
Since the transformers are ft 


located on the bulk-head, as 
mentioned previously, the re- 
quired low voltage bus length 
is reduced to a minimum. 
Except for short sections where 
bar copper proved the most 
economic, all 15-kv buses are 
of tubular section, 3-in. [PS 
(iron pipe size) and 11/,-in. 
IPS copper tubing being used 
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for the power and auxiliary A. Water line of Lake St. 
buses, respectively. Bus sup- Francis for a fiow of 330,000 
cfs (el 154.1} 

ports have a flashover of 80 

: B. Same for 200,000 cts 
kv and a cantilever strength (el 150.45) 
at the bus line in excess of = 
4,300 lb. With the system lay- F SO sngecer or ae ooo 7 
out used mechanical stresses isan lies 


resulting from short cir- 
cuits are relatively low, the 
calculated maximum support 
stress (stress factor times electromagnetic force) 
being 510 lb. The support bases are provided with 
a drip-proof feature so that when installed inverted, 
water leakage through the supporting slab will not 
cause flashover. Bushings of rather unusual design 
were required to take the buses through the bulk 
head slab which is more than 3 ft in thickness. 

High voltage breakers for the 120-kv transformers 
are located on the bulkhead adjacent to the cor- 
responding transformers, the necessary disconnecting 
switches and bus connections being mounted on 
steelwork supported by the power house structure. 
At the downstream line of the power house connec- 
tion is made to the circuits of the Montreal Light, 
Heat and Power consolidated. 

From the terminals of the 220-kv transformers 
connection is made to disconnecting switches sup- 
ported by steelwork on the power house, and thence 
through strain buses to a switching station on the 
downstream side of the power house; there con- 
nection is made to outgoing circuits feeding into the 
Hydro-Electric Power Commission system. 

The circuit from the 44-kv transformer passes 
through disconnecting switches supported by steel- 
work on the power house structure, thence through a 
strain bus to a switching station adjacent to the en- 
trance end of the power house. At that point a step- 
down station is located for local construction equip- 
ment and switching is provided for the outgoing 44- 
kv circuits. 
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Typical transverse section through power house, showing details of a main unit 


For the sake of interchangeability, the same type 
of post unit was used for all high voltage buses 
and disconnecting switches, using 6 units per post 
for 220-kv, 3 units for 120-kv, and one unit for 44-kv 
equipment. 

Spillway gaps for limiting lightning surge voltages 
are installed on the bus connections to the high volt- 
age terminals of the 220- and 120-kv transformers. 
Some columns of the steelwork on the power house 
roof are extended to a height sufficient to protect the 
transformers and buses from direct lightning strokes. 
Reduced insulation is installed on a section of the 
220-kv line together with a spillway gap on the 
transmission tower nearest the switching station. 


CONTROL SYSTEM 


Adjacent to each generator on the mezzanine 
floor (el 133.0) is installed a vertical steel switch- 
board including the necessary control and indicating 
equipment for emergency operation of the generator ; 
voltage regulator and rheostats for generator voltage 
control; protective relays for the generator, step-up 
transformer, and auxiliary bus section; generator 
and transformer temperature indicating equipment; 
the necessary recording instruments for the gen- 
erator; and the supervisory relays to the master 
control boards. Adjacent to each generator on the 
main floor (el 115.0) and mounted on the base sup- 
porting the exciter set is a steel pillar containing 
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the generator field circuit breaker and accessories. 

Master control equipment is located in the operat- 
ing room (el 159.0) at the entrance end of the sta- 
tion. This consists of a benchboard containing 
the necessary equipment for complete control, 
regulation, and indication of generator output, and 
a corresponding vertical control board controlling 
the auxiliary ring bus and all high voltage switching. 
The master control boards are designed so that they 
may be expanded as required to take care of addi- 
tional generating equipment up to the maximum 
possible installation of 2,000,000 hp. Both generator 
control and indicating equipment are installed on 
the sloping benchboard sections (requiring a total 
width of 8 in. per generator) thus allowing the 
operators an unobstructed view of the vertical con- 
trol boards back of the benchboards. 

Individual generator switchboards are on a 250- 
volt d-c control system; by turning a switch they 
can be cut off from the 48-volt control system and 
operated independently. All cable connections, con- 
trol motor-generator sets, and batteries are on a 
floor directly below the operating floor. This floor 
connects with the conduit tunnel running the length 
of the station. All control cable is carried in cor- 
rugated metal trays through the tunnel and thence 
through conduit embedded in the various floors to 
the required locations. 


PROTECTIVE RELAYING 


An extensive scheme of protective relaying de- 
signed to clear defective equipment in minimum 
time with the least possible interference with the 
operation of other equipment is provided. Each 
major element of station equipment is differentially 
protected and is provided with adequate back-up 
protection. To minimize the damage from a genera- 


tor winding failure, operation of the generator 
differential relays not only clears the generator and 


opens the generator field, but also operates a shut- 
down device for quick closure of the turbine gates. 
Directional reactance relays together with residual 
ground relays are used for the 220-kv line protec- 


tion. 
STATION HEATING AND VENTILATING 


The generators take cool air (125,000 cu ft per 
minute for each main unit) through pier openings 
below the generator floor and discharge the heated 
air through louvers in the generator frame into 
the power house from which the heated air escapes 
through the upper windows on both the upstream 
and downstream side of the station. To keep the 
headgates free of ice during the winter months, ducts 
are provided for diversion of heated air into the hous- 
ings over the headgate openings. Openings with 
removable covers are installed in the generator floor 
to permit any desired amount of recirculation of the 
air passing through the generators, thus allowing the 
power house to be kept as warm as desired during 
the winter months. Electric heating is provided 
for the service building. 


COMMENTS 


The main feature of the development is its sim- 
plicity resulting from a combination of favorable 
topographic factors and uniformity of stream flow. 
It is stragetically located convenient to a great 
industrial area. Additional installation of station 
equipment and the corresponding additional water 
diversion can be made at relatively low cost when 
and as needed to meet industrial demands. At 
present about 1/, of the mean river flow is unallo- 
cated, but prior to complete diversion there must be 
cooperation with or acquisition of the rights of the 
3 low head hydroelectric plants now operating in 
this section of the river. 


Longitudinal section through 
power house, showing 2 main 
and 2 auxiliary generating units 
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General Power 
Applications in 1932 


Several recent developments in the appli- 
cation of electricity in industry are men- 
tioned in the report of the Institute’s com- 
mittee on general power applications pre- 
sented herewith. 


Aruoucu industrial activity as 
a whole was at a low ebb during 1932, a considerable 
amount of development and rehabilitation work was 
carried on by certain industries. Industries are 
broadly classified as those producing capital goods 
and those producing consumption goods. During 
a depression there is little demand for new construc- 
tion and-capital goods but the demand for consump- 
tion goods remains fairly constant. There will 
probably be little demand in the near future for the 
expansion of plant capacity but it is evident that 
many existing plants must be remodeled and brought 
up to date if they expect to meet competitive condi- 
tions. Of the companies manufacturing consump- 
tion goods many have already appreciated that with 
the narrowing margin of profit their position and 
success depends very largely on the continuous 
reduction of their manufacturing costs and improve- 
ment in their product. The trend of the times is 
consequently toward increased economy of produc- 
tion and improved process control resulting in a 
better product at a lower cost and it is along these 
lines that the industrial engineers are working at 
the present time. It was consequently the opinion 
of the Institute’s committee on general power appli- 
cations that papers requested or spousored by it 
should as far as possible present material which 
would be helpful and of value along the above lines. 
The committee sponsored a session at the 1932 
winter convention of the Institute at which 3 engi- 
neering papers were presented together with an 
introductory address by Crosby Field (A’14, F’22) 
entitled ‘‘Economic Conditions and the Engineer.”’ 
The latter was published in full in the March 1933 
issue of ELECTRICAL ENGINEERING, p. 149-51, 
and presents some very interesting and instructive 
comments on our present economic situation. The 
technical papers presented at the convention were as 
follows: 
VARIABLE VOLTAGE OIL WELL DRILLING EQUIPMENT, by A. Ii. 
Albrecht 


RECENT DEVELOPMENTS IN ELECTRONIC DEVICES FOR INDUSTRIAL 
ConrTROL, by F. H. Gulliksen 


Full text of the annual report for 1932 of the A.I.E.E. committee on general 
power applications, to be presented at the A.I.E.E. summer convention, Chicago, 
Ill., June 26-30, 1933. 

Committee on general power applications: C. W. Drake, chairman; A. H. 
Albrecht, E. A. Armstrong, James Clark, Jr., J. F. Gaskill, John Grotzinger, 
T. Hibbard, Fraser Jeffrey, A. E. Knowlton, A. M. MacCutcheon, H. A. Max- 
field, John Morse, N. L. Mortensen, D. M. Petty, H. W. Rogers, L. D. Roweil, 
L. M. Shadgett, W. K. Vanderpoel, and M. R. Woodward. 
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Circuir BREAKER PROTECTION FOR INDUSTRIAL Circuits, by H. J. 
Lingal and O. S. Jennings 


Instead of attempting to abstract information 
regarding the numerous developments in industrial 
apparatus or regarding industrial applications the 
committee feels that members interested in such 
equipment ‘can readily obtain such information di- 
rectly and more completely from the various periodi- 
cals, but the committee does desire at this time to 
indicate the trend or nature of some of these more 
important developments. 


GEAR Motors 


During the last year there have been placed on the 
market a large variety of makes and designs of gear 
motors and these are being extensively used in 
industries on account of the saving in space effected, 
their higher efficiency, and reduced maintenance as 
compared with open gear or belt drives. 


ELECTRONIC CONTROL 


Although the possibilities of electronic control in 
various industrial applications have been appreciated 
for some time there was a marked increase during the 
last year in the available equipment such as various 
assemblies of photoelectric relays and special devices. 
The paper presented at the winter session indicates 
some of the advantages and possibilities for such 
equipment in industrial service. Besides the speed 
and accuracy of electronic equipment together with 
the freedom from mechanical friction and mainte- 
nance, numerous applications have been found where 
existing types of equipment could not be used and 
solutions are possible only by means of this newer 
class of apparatus. 


AIR CONDITIONING 


A large amount of engineering attention is being 
devoted to the possibilities of air conditioning, 
especially in connection with households, offices, 
and transportation equipment, and in some cases 
such air conditioning equipment is being combined 
with heating equipment and more especially with the 
oil burning automatic type. 


Motor PROTECTION 


Ithough fan cooled and explosion resisting motors 
have been previously mentioned, the advantages of 
such equipment are being more widely appreciated 
and many such motors are being installed in the 
open without protection from the weather whereas 
previously special housing and protective equip- 
ment was necessary. One of the most recent de- 
velopments in connection with motor protective 
devices is a thermostat which is mounted on the 
motor so that when the temperature reaches an 
excessive value either a signal is given or the motor 
is shut down depending on how the thermostat is 
connected. This motor thermostat supplements 
the standard thermal relay protection and the 
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combination of the 2 devices protects against all 


forms of motor overload. 

In conclusion it is desired to emphasize the fact 
that few of the developments in industry are large 
or spectacular but it is the steady introduction and 
application of these new ideas and developments 
which keep an industry up to date. The fact 
that many plants have not pursued this policy 
accounts for the large amount of obsolete equip- 
ment in industry at the present time and the large 
expenditures which it has been estimated are re- 
quired for rehabilitation in order to modernize the 
various industrial plants so that they can manu- 
facture on an economical basis. 


Precise Timing 
of Sporting Events 


Lack of precise time measuring apparatus 
for athletic and other sporting events has 
led to the development of an electric tim- 
ing system which is accurate to within 0.005 
sec for short races and within 0.01 sec fora 
mile race. This system utilizes a synchro- 
nous electric clock and a high speed motion 
picture camera to photograph simultane- 
ously the runner and the clock dials at the 
finish of the race. It was put to a practical 


test in the 1932 Olympics held in Los 
Angeles, Calif. 
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Pee TIMING of athletic con- 
tests, aeroplane racing, and other similar sporting 
events in the establishing of new records against 
time, has been a subject of increasing interest dur- 
ing the last few years. A good runner will travel 
approximately a yard in 1/1) of a second, and races 
frequently are won by a margin of inches. It is thus 


Full text of a paper (No. 33-86) to be presented at the A.I.E.E 
vention, Chicago, IIl., June 26-30, 1933. oQaetn re ies 
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evident that if time records are to be employed as 
a common denominator for comparing athletes and 
for the just awarding of records, a timing system 
accurate to the order of 1/100 sec is required. 

Until recently, athletic races have been timed by 
stop watches; experience has shown that even with 
competent timers, the variation of individual read- 
ings from the average indicates that the overall 
probable error is undesirably large. These errors 
are the result of both mechanical limitations in stop 
watch design and errors in human judgment, which 
are involved in starting and stopping the watches 
at the properinstant. The rate of a good stop watch 
may be accurate to within a few seconds per day; 
but in the authors’ observation of stop watches and 
measurements upon them, these rates have shown a 
wide variation and unless a watch is very closely 
adjusted and kept in good condition, it is apt to have 
a considerable error. 

Lack of precise time measuring apparatus for 
athletic events long has been recognized. The re- 
quirements which formed the basis for the system to 
be described were outlined first by Gustavus .T. 
Kirby, chairman of the advisory committee of the 
Intercollegiate Association of Amateur Athletes of 
America (I1.C.A.A.A.A.) to whom the authors are 
greatly indebted for cooperation in the development 
and trial of the timing system. 

In a track event the race is started by means of a 
pistol. The race begins at the visible flash of the 
pistol, regardless of when the sound reaches the 
ears of the runners or the ears of a manua timer. 
This may be contrary to the popular impression 
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Fig. 1. Schematic diagram of electric timing system 


that the sound of the gun denotes the beginning of 
the race. The dependence upon sound would intro- 
duce an error of 0.27 sec in a race where the distance 
between starter and timers was 100 yd. The 
race is finished when the torso of the runner has 
reached a line on the ground which defines the end 
of the course. A tape stretched between 2 posts is 
there merely for the guidance of the runners and the 
judges, and has nothing to do with the finish line 
of the race. The standard tape consists of a loosely 
woven yarn and frequently it is out of line with the 
finish mark on the ground, because of wind pressure. 
The tape may be broken by a runner’s hand before 
he crosses the line, or a runner by falling at the finish 
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line may even finish a race without breaking the 


tape; because of these facts, any mechanical con- 


trivance associated with the tape was out of the 
question. In addition, as far as athletic events are 
concerned, timing was not the sole problem; judging 
the position of the second, third, and sometimes the 
fourth runner, particularly in elimination contests, 
was found to be of considerable importance. There- 
fore, it was concluded that the only satisfactory 
method of timing and judging a race was by means of 
a motion picture camera that would photograph 
both the action of the contestant at the finish, and 
his time. Mr. Kirby, without the authors’ knowl- 
edge at the time, also had arrived at the same con- 
clusion, and a discussion and interchange of views 


- in the summer of 1931 marked the beginning of this 


development. As a result of his aggressive interest 
and kind cooperation, the camera used has been 
called the Kirby Two-Eyed Camera. 


APPARATUS AND METHOD OF OPERATION 


The timing system was developed primarily to 
meet track conditions and to enable the measure- 
ment of time with an error not to exceed one !/10 
sec in a one-mile or shorter race. Brietly described, 
the system comprises a 2(0)0-cycle frequency genera- 
tor, the time standard of the system; a synchronous 
motor; a clock driven by the synchronous motor 
through an electromagnetic clutch; and a high 
speed motion picture camera equipped with 2 lenses, 
one to photograph the action of the runner at the 
finish line and the other to photograph the clock. 
The clock consists of 3 concentric dials of which the 
inner dial, with 100 divisions, rotates at one revolu- 
tion per second; the middle dial, having 60 divisions, 
rotates once a minute; and the outer dial, with 60 
divisions, revolves at one revolution per hour. In 
this way it is necessary to photograph only a small 
segment of the 3 concentric dials in order to obtain 
the time in minutes, seconds, and hundredths 
seconds. 

Operation of the system is evident from the 
schematic diagram, Fig. 1. The synchronous motor 


Fig.2. The tuning fork is the time standard of the system 


rotates continuously. The clock dials are engaged 
with the rotating motor by means of a polarized 
magnetic clutch operated by the discharge of a 
condenser at the beginning of the race through a 
contact in the starter’s pistol; this starts the clock 
from its zero position. Just prior to the end of the 
race the camera is operated to photograph the 
runner and the time registered by the clock. After 
the race is over, the clock mechanism is disengaged 
from the motor and the dials are reset to zero; 
the system then is ready for the next event. 
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Fig. 3. Amplifier used with the tuning fork genera- 


tor, and camera clock 
FREQUENCY GENERATOR 


The 260-cycle frequency generator contains a 
tuning fork and an amplifying system. The tuning 
fork is the heart of the timing system for measure- 
ments of time are dependent upon its rate of vibra- 
tion. The utmost care, therefore, has been taken 
in the design, construction, and operation of the 
tuning fork and its associated parts in order to 
maintain the fork frequency as closely as is prac- 
ticable to 200 cycles per second. The fork itself 
(see Fig. 2) is made of a special alloy which reduces 
the effects of temperature change on frequency to a 
minimum. In addition, the fork is mounted in a 
heat insulated box provided with a thermostatically 
controlled heater capable of keeping the fork tem- 
perature essentially constant though the generator 
may be operating for an indefinite period of time in 
the tropics at 120 deg F or in northern winter 
weather of 20 deg F below zero. 

Tests made under extreme temperature conditions 
have shown that the resulting frequency change 
contributes but a minor part of the total system 
error. The fork and the electromagnetic driving and 
pick-up coils are held together by a strongly built 
casting which, in turn, is suspended by rubber sup- - 
ports to eliminate the effects of external mechanical 
vibrations that might be of a frequency such as to 
change the period of vibration of the fork. As a 
further precaution, the whole fork box also is sus- 
pended by similar rubber supports. 

Associated with the tuning fork is a 3-stage vacuum 
tube amplifier used to maintain oscillations in the 
fork and also to provide the power output necessary 
to drive the synchronous motors. The output of the 
first 2 stages of the amplifier is coupled electro- 
magnetically through the fork to the amplifier 
input so that the loss through the fork is offset by 
the gain in the amplifier. The fork oscillations are 
maintained by amplifying the small currents gen- 
erated in the pick-up coils by the movement of the 
fork prongs, and using this amplified energy to drive 
the fork by means of the driving coils. A limiting 
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Fig. 4. Camera and clock assembly 


device is placed in the circuit which automatically 
limits the amplitude of the fork with changes in line 
voltage of the amplifier power supply and also 
reasonable aging of the vacuum tubes. Such a de- 
vice is necessary in order that the amplifier will not 
overload or the amplitude of the fork vibrations vary 
sufficiently to cause a change in frequency. The 
entire apparatus may be operated from commercial 
power sources with voltages from 100 to 125 volts 
and frequencies from 50 to 65 cycles. A photograph 
of the generator and ciock is reproduced in Fig. 3. 

As a further precaution to insure proper opera- 
tion, a simple checking circuit is provided which 
permits an overall check of the oscillating circuit 
and insures that the vacuum tubes are functioning 
satisfactorily. Although this checking circuit will 
not directly check the frequency of the fork, it so 
checks the associated circuits as to practically 
guarantee that the fork frequency is correct. 

The third stage of the amplifier is a push-pull 
power amplifier which is operated by energy diverted 
from the tuning fork driving coils. This stage of 
amplification provides ample energy to drive 2 
synchronous clocks simultaneously and is arranged 
so that the frequency is independent of the amplifier 
load. The entire equipment is operated from an 
a-c source, a small portion of the rectified and 
filtered plate power supply being used to operate 
the clutch mechanism. Though the amplifier and 
clutch thus are interconnected, they are isolated 
sufficiently well electrically so that the clutch opera- 
tion has no effect upon the amplifier that might cause 
a change in frequency. 


THE CLOCK AND Its MECHANISM 
The clock assembly includes a synchronous motor 
which is connected by means of a clutch to the dials, 


through a gear train. 
Mechanical design of the clutch and clock mechan- 
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Fig. 5. Synchronous clock motor; Fig. 6. Polarized magnetic clutch 
note starting lever at bottom and 
clutch magnet at left 


for starting and stopping clock dials; 
note clutch teeth 


ism involved the reduction of the moment of inertia 
of all high speed rotating parts to a minimum, and 
the use of specially hardened parts for the clutch 
members to minimize tooth wear. In order to pro- 
vide the clutch with a sufficiently high operating 
speed, the clutch magnets were made relatively 
small in size and they are operated by the dis- 
charge from a condenser. This permits the use of 
much greater power for a few thousandths of a 
second than heating limits would allow if power were 
applied continuously. 

The dials appear on the top of the clock assembly; 
they can be reset by means of a peripheral ring sur- 
rounding the outside dial. A lamp house, mounted 
on top of the clock mechanism, provides a support 
for the camera and contains 2 ordinary 6-volt lamps 
for clock dial illumination. The auxiliary optical - 
system in the camera is designed to photograph the 
clock dials while the main camera lens simultane- 
ously records the action. A complete description 
of the camera is given in a paper by F. E. Tuttle 
of the Eastman Kodak Company, Rochester, N. Y., 
presented at the April 1933 convention of the Society 
of Motion Picture Engineers, held in New York, 
N. Y. A photograph of the camera clock assembly 
is reproduced in Fig. 4. 

“Stop” and “start”? buttons are provided on 
the camera clock so that it may be operated inde- 
pendently for testing. A jack also is provided in 
parallel with the “‘stop’”’ key so that if the clock be 
used without the camera, a cord terminated in a stop 
switch may be inserted in this jack to permit manual 
stopping of the clock by a human timer; this gives 
instantly the time, except for the error introduced by 
the reaction time of the operator. 


STARTER’S PISTOL 


_ The starter’s pistol is provided with a contact 
inside of the butt which is adjusted to operate at the 
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instant the hammer strikes the cartridge. Other 
methods have been proposed for providing this func- 
tion, but the contact method seems to be the most 
reliable, and in hundreds of tests never has failed. 


ANALYSIS OF ERRORS IN TIMING SYSTEM 


In designing a system of this type for a precision 
of '/i00 sec, it has been necessary to consider care- 
fully what errors may be involved. It will be helpful 
to list the possible errors and then analyze them 
individually. These errors are as follows: 


Variation in standard frequency supply. 

Error in operating the contact on the pistol. : 
Variation in phase angle of lag of synchronous clock motor. 
Variation in operating time of clutch magnet. 

Error due to limited number of teeth on clutch. 

Error due to initial dial setting. 

Observational error in reading dials. 


SE 


In actual tests covering a period of several days, 
the frequency of a sample stock tuning fork and its 
associated driving circuit did not vary more than 
+ 9 parts in a million, when calibrated against a 
quartz crystal oscillator having an error less than 1 
part in a million. Other sources of possible error 
such as variations in the vacuum tubes used to drive 
the fork and in power supply voltage, make the maxi- 
mum total indicated error + 25 parts in a million, 
or + 1 part in 40,000, or at a rate of about 2 sec in 
24 hr. This is somewhat better than the precision 


Fig. 7. Frequency 
distribution of error 
in operation of 

clock 


NUMBER OF OBSERVATIONS 
IN 100 TOTAL OPERATIONS 


4 -3 -2 -l ie} t aes eee 


DEVIATION IN THOUSANDTHS. 
OF A SECOND 


generally attained in the highest grade watches. 
In practice, it means that in a one-mile race the 
error due to the fork alone will not exceed, and 
probably will be less than, 0.0075 sec, while in the 
shorter races, it will be entirely negligible, being 
only about 0.002 sec in the quarter-mile. 

The ignition time of a cartridge has been studied 
exhaustively by ammunition manufacturers, and is 
of the order of 0.001 sec or less, depending upon 
the kind of powder used. Since the “‘start” circuit 
contacts do not close until the moment the cartridge 
is hit, the acceleration time of the trigger is not a 
factor. 

The synchronous motor is of the variable re- 
luctance type shown in Fig. 5. The rotor has 20 
teeth and operates at 600 rpm on 200 cycles. The 
normal phase angle of lag is approximately 15 elec- 
trical degrees, but this angle may vary from 5 to 
25 deg between minimum load with maximum input, 
and maximum load with minimum input. However, 
the error under any given conditions at a particular 
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race will not exceed 10 electrical degrees or only 
0.00014 sec. 

The clutch magnet, shown in Fig. 6, has a polarized 
magnetic circuit and therefore tends to hold firmly 
in either position after operation. The starting 
winding is closed by the contact on the starter’s 
pistol. The time required to operate the magnet is 
0.006 sec, but the variation in this is small 
since both the mechanical and electrical inertia of 
the circuit are substantially constant. Therefore, 
allowance is made in the camera clock for the mean 
value of this error by setting the +/1o-sec dial ahead 
0.006 sec. In the case of the manually stopped auxil- 
iary clock no such adjustment is made since the time 
of stopping is substantially equal to the time of start- 
ing and they thus cancel out. An allowance of 
0.001 sec may be made for lack of complete com- 
pensation for this error. 

Another source of error is introduced by the clutch 
teeth. Since there are 80 possible locking positions 
of the clutch, the maximum error is !/g of one 
revolution of the motor or 0.0013 sec from this cause. 
High speed motion pictures of the clutch operation 
showed no bouncing or slippage of the clutch mem- 
bers, and the operation was found to be always cor- 
rect to the nearest tooth. 

Error due to the initial dial setting is not more than 
0.001 sec if the clock dials have been adjusted 
properly and the operator uses ordinary care at the 
time of resetting. The dials are located in the cor- 
rect initial position by means of a detent in the reset 
ring. 

Error due to inaccurate reading of the dials is, 
of course, a human error and is largely a matter of 
skill in estimating fractions of the !/io0-sec divisions 
on the inner dial. This should be practicable within 
0.2 division or 0.002 sec. 

A laboratory check on the foregoing analysis was 
made using 2 clocks which were simultaneously 
started and stopped 100 times by means of common 
push buttons, resetting between successive opera- 
tions. Figure 7 shows the observed frequency dis- 
tribution of the 100 differences between pairs of 
readings. If these differences were distributed at 
random in accord with the normal law of error about 
the observed average difference of —0.00024 sec 
with an rms deviation of 0.00136 sec, which is that 
of the observed distribution, the smooth dotted 
curve of Fig. 7 would be obtained. Deviations. of 
the observed frequencies from this smooth curve are 
greater than may reasonably be attributed to chance 
variations under statistically controlled conditions. 
It is found, however, that the skewness of the 


Fig. 8. Finish of 
100-m final, 1932 
Olympic tryouts, 
Palo Alto, Calif. 


distribution is significantly different from zero and 
that the observed distribution can be fitted reason- 
ably well by the first 2 terms of the Gram-Charlier 
series; this may be taken as evidence of statistically 
controlled conditions where the objective distribu- 
tion of error for a given system is non-symmetrical. 
(See ‘Economic Control of Quality of Manufactured 
Product,” by W. A. Shewhart.) 

Of course, the data in Fig. 7 represent the com- 
parison of one system against another instead of one 
system against an absolute standard. Assuming 
that for all practical purposes the objective distribu- 
tion of error for one system is functionally the same 
as that for the other, and that the errors of one 
system are not correlated with those of the other, 
then it follows that perhaps the best estimate of the 
probable error of an observation for a single system is 
0.00065 sec and the skewness of the single system is 
approximately twice that observed using the measure 
customarily adopted in the theory of quality control. 

The fact that the data gave this kind of evidence 
of statistical control supports the contention that 
erratic assignable causes of variability have been 
eliminated successfully. Furthermore, the fact that 
the distribution can be represented approximately 
by the first 2 terms of the Gram-Charlier series, 
together with the positive evidence of statistical 
control, leads to the conclusion that a single error 
of a single system due to starting and stopping 
should not be expected to be greater than 0.006 sec 
more than once in 100 times, and that it will not ex- 
ceed 0.0014 sec more than 50 per cent of the time. 

It is thus a fair statement to make that the over- 
all accuracy of the system is within 0.005 sec for short 
races and within 0.01 sec for the mile run. This 
degree of accuracy should satisfy the public’s de- 
mand for drawing nice distinctions in comparing the 
achievements of their favorite athletes, and affords 
a sound basis for the establishment of track records. 
Any higher degree of accuracy would be superfluous 
and inconsistent with human limitations. 


USE OF THE EQUIPMENT 


On May 14, 1932, the timing system in model 
form had its first unofficial use at the Columbia- 
Syracuse track meet at Baker Field, New York, 
N. Y. It was used subsequently at the Princeton- 
Cornell meet May 21, 1932, and at the I.C.A.A.A.A. 
annual meet at Berkeley, Calif., in July 1932. At 
Palo Alto in July it was used unofficially in the 
Olympic tryouts. An example of the value of the 
device from a judging standpoint can be seen in 
Fig. 8, which shows 5 contestants bunched very 
close together at the finish line. Subsequent frames 
from the same piece of film showed definitely the 
order of finish of these contestants, the first 3 of 
whom were selected for the American Olympic team. 

At the Xth Olympiad held in Los Angeles, July 
3l—August 8, 1932, the timing system was used semi- 
Fig. 9. Finish of 400-m officially for every running event. It was used Fig. 10. Tolan-Metcalfe 
hurdle final, Xth Olympiad, officially for judging but unofficially for timing in- finish in the 100-m final, Xth 
Los Angeles, Calif., 1932. asmiuch as timing to the hundredth second had not Olympiad, Los An relel 
The middle frame was chosen yet been recognized. Figure 9 shows the finish Calif. 1939 wen 

as the finish of the race of the 400-m hurdle in the Olympic games; 7 frames 7 


Tolan won 
by a very small: margin 
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of this picture are shown in order to demonstrate the 
need for hundredth second timing. From the first 
_to the seventh frame shown, the runner has advanced 
by only a few inches in a time of about 0.04 sec. 
_The committee chose the middle frame as the finish 
of the race; the recorded time as shown is 51.67 
sec. Itis of interest to note after the film was viewed 
-by the committee, that several decisions were 
changed at the Olympic games; the most important 
of these occurred in the same race illustrated in Fig. 
9, in which Findlay of Great Britain was awarded 
third place after the medal already had been given 
to Keller of the United States. Figure 10 shows 
the effectiveness in the use of the camera clock in 
judging and timing the famous Tolan-Metcalfe 
finish in the 100-m final, where Tolan won by a 
very small margin. 

Use of the timing system in such events as aero- 
plane races was demonstrated in September 1932, 
at the Cleveland air races. Two cameras, started 
together and running in synchronism, were used 
at the beginning and end of a straightaway speed 
course, in which case the elapsed time is the dif- 

ference between the 2 readings. Figure 11 shows 
Major James Doolittle breaking the world’s record 
for land planes over a 3-km course at an average 
speed of 294.90 mph. 

The timing apparatus was used officially at the 
Amateur Athletic Union indoor meet held on Febru- 
ary 25, 1933, in Madison Square Garden, New 
York, N. Y. Several races were extremely close and 
in the 60-yd dash the official decision was withheld 


m «Start 30: 1410 
@ Finish 30: 37.30 
tL @ Time 23.20 sec. 


Nw 


mamma Speed 289.32 MPH 


Fig. 11. 
speed record for land planes over 3-km course; 
average speed for 4 consecutive trials, 294.90 mph 


Major James Doolittle breaking world’s 


until the film was viewed by the committee. At 
the I.C.A.A.A.A. indoor meet held on March 4, 
1933, in the 258th Field Artillery Armory, New 
York, N. Y., the second, third, fourth, and fifth 
places in the 70-yd hurdle were changed from the 
announced decision of the judges, after they viewed 
the timing film. Asa further result, several changes 
were made in team scores and Harvard replaced 
Princeton in fifth place. 

As a result of the use of this system formal ap- 
provals have been received from the International 
Amateur Athletic Federation, which is the con- 
trolling body of amateur athletes for the Olympics; 
by the A.A.U., which is the governing body of 
amateur athletics in the United States; and by the 
I.C.A.A.A.A. Formal approval also has been given 
by the National Aeronautic Association; and in 
April 1933 approval was given by the Federation 
Aeronautique Internationalle, with headquarters in 
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Paris, France, under whose regulations all official 
international aeroplane speed events are run. 


INDUSTRIAL APPLICATIONS 


It is expected that many industrial problems will 
lend themselves to solution by means of the appara- 
tus described, although time and space do not permit 
covering in detail that phase of precise timing. We 
believe that the apparatus described can be used in 
many places as a tool where permanent records are 
desired and where methods heretofore in use have not 
been sufficiently accurate. 


Electrical Machinery 
Developments in 1932 


Recent developments in the 5 major classes 
of electrical machinery are outlined in the 
following report of the Institute’s committee 
on electrical machinery. Considerable 
operating experience with equipment pre- 
viously developed was secured and also 
is summarized. 


Dorinc the current year the Insti- 
tute’s committee on electrical machinery has func- 
tioned, as previously, through 5 major subcom- 
miittees, namely: synchronous machines, induction 
machines, d-c machines, transformers, and mercury 
arc rectifiers. These subcommittees have continued 
their activities in following the preparation of stand- 
ards, in reviewing progress and development of the 
art, and in examination of papers offered for pres- 
entation at the stated conventions of the Institute. 

Noteworthy advance has been made by the com- 
mittee in recommendations for impulse testing of 
transformers and in revision of low frequency di- 
electric tests for transformers. A preliminary re- 
port on a test code for synchronous machines has 
been printed. Active progress is being made in 
the development of methods and testing devices 
for determining load losses and input-output effi- 
ciency of induction motors, as a preliminary to formu- 
lating a test code for induction machines. A test 
code for d-c machines is in preparation. 


Full text of the annual report for 1932 of the A.I.E.E. committee on electrical 
machinery, to be presented at the A.I.E.E. summer convention, Chicago, IIl., 
June 26-30, 1933. 

Committee on electrical machinery: S. L. Henderson, chairman; P. L. Alger, 
B. L. Barns, E. S. Bundy, H. E. Edgerton, J. E. Goodale, T. T. Hambleton, 
J. L. Hamilton, A. L. Harding, C. F. Harding, E. W. Henderson, L. F. Hickernell, 
J. Allen Johnson, J. J. Linebaugh, H. C. Louis, W. V. Lyon, A. M. MacCutcheon, 
O. K. Marti, V. M. Montsinger, S. H. Mortensen, R. W. Owens, R. H. Park, 
E. B. Paxton, H. V. Putman, K. A. Reed, O. E. Shirley, F. V. Smith, R. G. 
Warner, and C. A. M. Weber. 
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Among the technical papers reviewed and ac- 
cepted by the committee during the year are many 
important contributions in the fields covered. A 
brief outline of notable advances and progress dur- 
ing 1932 in the field of electrical machinery follows: 


SyNCHRONOUS MACHINES 


A considerable part of the work on synchronous 
machines during this past year has been the improve- 
ment of details of design and manufacture. Progress 
has been made in high voltage coil insulation and in 
the reduction of fixed and stray load losses of high 
speed machines. 

There has been no increase in the size of turbine 
driven alternators since the 1931 report. The 2 
200,000-kva 1,800-rpm machines (GE)! in the 
Brooklyn Edison Company’s plant have operated 
for some time and heat rate tests made on both 
machines show results better than the guarantees. 
A 183,333-kva 165,000-kw 1,800-rpm single-element 
turbine alternator (W) is being built for the Phila- 
delphia Electric Company. This generator has 2 
stator windings and is cooled by external propeller 
type blowers. A i66,666-kva single-shaft turbine 
alternator (GE) has been delivered to the Chicago 
District Electric Generating Corporation. It also 
has 2 stator windings and is the largest machine 
shipped with the armature completely wound. 
The inside armature frame with the winding is ar- 
ranged so it may be assembled within an enclosing 
casing which also houses the 4 separately driven 
ventilating fans and the surface air coolers. 

Experience is being obtained with high voltage 
turbine generators. Eight units from 3 different 
manufacturers had an equivalent of 22 turbine- 
generator-years of service up to January 1933. 
A more detailed tabulation is given in Table I. 

The maximum capacity of waterwheel driven 
generators has not been increased during the year, 
although preliminary designs for a generator in 
excess of the capacity of any generators previously 
built have been made in considerable detail. Me- 
chanical improvement in the line of simplification 
of bearing oiling system and other details has been 
made on the waterwheel generators. 

Developments in the field of synchronous motors 
include the first (GE) totally enclosed fan-cooled 
type, particularly designed for use in class J, group 
D explosive gas locations. The ventilating air en- 
ters at the driving end and passes over the inner 
shield, across the back of the stator punchings, and 
is discharged at the collector end. The collector 
rings are enclosed and excitation is provided by a 
motor-generator set. A number of synchronous 
motors were applied in municipal water pumping 
stations. The trend in these machines is toward 
high efficiencies and in one case, an 800-hp 900-rpm 
motor (W) had a guaranteed efficiency of 97.6 per 
cent. It is believed that the first synchronous 


1 Manufacturer designation: 

AC—Allis-Chalmers Manufacturing Company 
BB—American Brown Boveri Company 

EM—Electric Machinery Manufacturing Company 
GE—General Electric Company 

W—Westinghouse Electric and Manufacturing Company 
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Table I—High Voltage Turbine Generators 


a 


in Unit Capacity Manufac- 
Service Station No. Kilowatts Voltage turer 
1928)... Powerton....... Ve pisrsuds atone sists 52,500. ere 2,000 emer GE 
1929\...: 2 State Line...... 1 (8 generators). .200,000....22,000..... GE 
19205. evar Powerton....... eH fe VERE Ps OF nF 52,500....22,000..... GE 
1930..... Powerton....... Bion ierershedavevre Guero ete 105,000 22 000 sae. GE 
JOS Ieee Michigan City Lae saeiietestreeie 68,000....22,000..... WwW 
19381. cc. Waukegan...... Bisa ae atone exes 115,000....18,000..... AC 


motors to drive power house draft fans were supplied 
to the Hawaiian Electric Company. These motors 
were a 2-speed motor rated 300 hp at 600 rpm, 
and 700 hp at 900 rpm (W) to drive an induced draft 
fan and a 200-hp motor at 1,200 rpm (W) for the 
forced draft fan. 

Part winding starting has found increasing use on 
synchronous motors where starting requirements 
are extremely heavy, such as on flour mill line-shaft 
drive and cement mill tube-mill drive. A recent 
installation of 5 250-hp 277-rpm and 1 600-hp 
138-rpm synchronous motors (EM) for flour mill 
line drive, the first of its kind, utilizes 5 part-winding 
steps in the motor to secure proper motor accelerat- 
ing characteristics. The part winding steps are 
arranged to provide starting torque in increments 
from 60 per cent normal torque to 175 per cent nor- 
mal torque. These torque steps are secured either 
manually or automatically to insure smooth starting 
without belt slippage. 

A 60-kva 1.0-power factor 4,800-cycle 3-phase 
generator (GE) represents an advance in the use of 
high frequency for industrial heating. Two 60-kva 
1.0-power factor 4,800-cycle single-phase generators 
(W) are now being built. 

The 2 30,000-kw frequency changers (GE) at the 
Richmond Station of the Philadelphia Electric 
Company are now supplying single-phase 25-cycle 
power to the main line electrification of the Pennsyl- 
vania Railroad between New York and Philadelphia. 


INDUCTION MACHINES 


The use of totally enclosed motors and especially 
the use of totally enclosed fan-cooled motors has 
increased considerably. An increasing demand is 
being experienced for splash or hose-proof motor 
construction. These machines are built suitable 
for outdoor installation, use in dairies, or where a 
hose is used in cleaning up the floors. A movement 
is underway to revise the definitions of the various 
types of enclosures. 

The use of motor-reduction units has increased 
materially. This apparatus has been defined as 
follows: A motor-reduction unit is a motor with an 
integral mechanical means of obtaining a speed 
differing from the speed of the motor. 

An outstanding development in the fractional 
horsepower single-phase motors has been first, the 
development of capacitor-start capacitor-run single- 
phase motors, employing usually a transformer and 
a paper condenser, and more recently, the develop- 
ment of capacitor-start induction-run single-phase 
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Table II—Mercury Arc Rectifier Units Placed in Operation During 1932 or on Order December 31, 1932 


—=s 


No. of D-c Kilowatts Total 
Purchaser Sets Volts Per Set Kilowatts 
I. G. Farbenindustrie for Standard 
WiliGonofslouisiana......<<% cnc. hc xc Dass oe: 3,000 ai accros 2200 sa. 2,200.. 
‘ 9,600 
Long Island Railway Co.............. yn cae 650 oi... 3,000.....12,000.. 
N. Y. Board of Transportation......... ‘ON eacsrters G25 a. rae 3,000..... 27,000. . 
N. Y. Board of Transportation......... See. ate 625 anne SOOO es ay 39,000. . 
N. Y. Board of Transportation......... t Us eee eet 6257. er 3.000) an 45,000... 
IN; Y. Board of Transportation.........13....-.. O25 5. sss 2,000.02 3,900.. 
meniiadelphias City Of .cs¢5:. 5 oes nedlececg Pes eee ae 630- cree 3:1 50reer 6,300... 
* Installed ready for service. 
Table Ill—Mercury Arc Rectifier Units: Comparison 
1931-1932 
1932 1931 
No. of Kilo- No. of  Kilo- 
Sets watts Sets watts 

elaGedit SCrVviCk. elesc.eus lis ee was beats es AS, 22 143.5005... 57... 127,845 
Olga nstal led nwviangschoreiecs« oxetts eiepes sere seer e's ehéugualde'glc wales 14... 41,200 
BO ROLC EK eerie «1s Srerseraets 6 oi die wie siése! era ave Ot O00 ns eis 34... 102,300 

Grand total for -y eat .ister arcs siece ees are LY hs al WADED Us eG 105... 271,345 
Total number units in service, Dec. 3lst.*228... 448,879..... 180... 305,379 


* Includes 41 units installed and ready for service. 


motors, employing a low voltage condenser of 
relatively large capacity for starting purposes only. 
The low voltage capacitor-start single-phase motor 
is finding its first application in the household re- 
frigerator field. 

The greatly increased activity in the air condi- 
tioning field has resulted in motors being developed 
to operate fans, blowers, and water agitators, which 
are quiet and have long life of bearings. 

Dual motors, alternating and direct current on 
one shaft, have been developed to meet the require- 
ment of refrigerating trucks and railroad cars and 
air conditioning passenger cars. The d-c motor is 
used to drive the refrigerating machine when the 
truck or car is in motion, the current being supplied 
from the d-c generator on the truck or car, and the 
induction motor is used when the truck or car is 
standing, the motor being connected to the a-c 
city distribution system. 


D-C MaAcHINES 


The largest 350-rpm d-c motors so far constructed 
are reported for the current year. Six 3,500-hp 
175/350-rpm d-c motors (AC) were placed in service 
on 6 finishing stands of a 76-in. continuous-strip 
mill, power being supplied by 3 5,000-kw 3-unit 
motor-generator sets. Three 3,500-hp 175/350-rpm 
d-c motors (GE) were placed in service on the finish- 
ing stands of a 72-in. continuous hot-strip mill for 
the Otis Steel Company, power being supplied by 
2 4,000-kw 3-unit motor-generator sets. 

A light weight d-c generator (W) has been com- 
pleted. It consists of 3 units, one rated 8-kw 115- 
volts and 2 rated 2.5-kw 3,000-volts at 2,200 rpm. 
Two bearings are used, mounted in cast magnesium 
brackets. Total weight of the machine is 549 Ib. 
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Type of Placed in 
Control Service Service Manufacturer 
er NVLATIUIG Der ete ajevete bietel oie etevaveralnaic vel > Electrochemical MOS2) a5 > ce seee BB 
aire ALICOMALIG. wrepeletousroterers > sees ahora Railways jeter orn LOS Ste tee AC 
... Automatic remote control..... Subway On order ysies: cee WwW 
... Automatic remote control ..... SUDWAY; > viseins. tale ste #1939 | okt arene GE 
... Automatic remote control .....Subway *1932 55 cane neo GE 
.. Automatic remote control..... Subway E198 Zee uns eae GE 
pe Manittaligent. vitec.e oe; sasttee cle reeseenele Railways sce .ccecie- VOS2 nc iscrere AC 


A gas electric ‘‘crawler’ type track welder (W) 
has been completed. This machine is designed with 
low head room to move along the shoulder of the 
road bed, so as to clear the rolling stock and furnish 
power for building up worn rail ends by arc welding, 
and in addition, to furnish power for a grinder and 
nut tightener. A series motor taking power from 
the welding generator is used to move the welder 
along the track. 


TRANSFORMERS 


The activity of the transformer subcommittee in 
developing standards for the commercial impulse 
testing of power transformers has borne fruit in an 
agreement upon a tentative test code. This test 
procedure, including a program of applied impulse 
tests made with the transformer excited, was pre- 
sented at the Institute’s 1933 winter convention in 
a paper by Messrs. Vogel and Montsinger. Mean- 
while the ranks of the manufacturers prepared to 
make commercial surge tests have been augmented 
by the installation by Allis-Chalmers of a high 
capacity surge generator capable of delivering 
2,000,000 volts, with complete cathode ray and 
pontentiometer equipments and arrangements for 
synchronizing the impulse with the peak of a normal 
frequency alternating voltage wave. Commercial 
surge tests have been applied to transformers with 
such ratings as 20,000 kva, 132 kv (GE); 2,000 
kva, 69 kv (GE); 4,500 kva, 132 kv, 25 cycles 
(GE); 20,000 kva, 230 kv (W); 20,000 kva, 132 kv, 
25 cycles (W); 10,000 kva, 132 kv (W); 4,500 kva, 
132 kv, 25 cycles (W); and 20,000 kva, 115 kv, 
3-phase autotransformers (W). 

Four of the largest 230-kv single-phase trans- 
formers yet constructed have been built (GE) with 
ratings of 45,000 kva self-cooled and 60,000 kva 
with air blast. With a total weight of 393,000 Ib, 
it was necessary to ship them in nitrogen in special 
low slung tank cars. 

Transformers have been supplied (AC) with a low 
pressure system for automatically maintaining inert 
gas protection without chemicals or moving mechani- 
cal parts. The system involves an oil seal in an ex- 
pansion tank which isolates the inert gas from the 
atmosphere and permits considerable change in oil 
level in the main tank with slight change of pressure. 

In the field of load ratio control, a new type UT 
tap changer (W), smaller and less expensive than its 
predecessors, applicable to small transformers and 
capable of operation under short circuit, has been 
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actively supplied. A quick operating automatic 
tap changer (AC) has been developed for large 
distribution and small power transformers up to 
15 kv. Two 40,000-kva 3-phase regulating trans- 
formers (W), simultaneously controlling regulation 
of phase angle and voltage, were installed in New 
York. A self-contained automatic step voltage regu- 
lator (GE) is available for 3-phase rural circuits of 
50 amp. at 4,800 to 13,800 volts. sng oh 

Self-contained surge-proof distribution trans- 
formers employing de-ion gaps (W) have been 
extended to the 4,800 and 6,900 volt classes. The 
line of self-protecting stud-type-bushing distribution 
transformers (AC) has been supplemented with pro- 
visions for mounting surge diverters either internally 
or externally. 

Pyranol (GE) and inertol (W) non-inflammable 
non-explosive mediums, developed to replace mineral 
oil where other methods of preventing fires are not 


Present Practice in 


practicable, have been developed and applied to 
low-voltage network transformers. 


MeEercuRY ARC RECTIFIERS 


Tables II and III give general data on mercury 
are rectifier activities during the year. Nine of the 
3,000-kw 625-volt sectional rectifiers (W) men- 
tioned in last year’s report were ordered by the 
New York Board of Transportation. 

An innovation in the rectifier field was the equip- 
ment of a standard 3,125-kw 625-volt railway recti- 
fier with automatic grid voltage control (AC). A 
constant d-c voltage is held independent of load and 
supply voltage variations. 

Ten of the New York Board of Transportation 
3,000-kw rectifiers (GE) were placed in service, 
supplying power for the operation of the 8th Avenue 
Subway, New York. 


Installation and Performance 
of High Voltage Lightning Arresters 


In an effort to determine present operating 
practice relative to the installation and per- 
formance of high voltage lightning arresters 
on electric power systems, the A.I.E.E. 
subcommittee on lightning arresters and 
the N.E.L.A. subject committee on light- 
ning arresters circulated a joint question- 
naire on that subject to 22 companies in 
various parts of the United States. Data 
obtained in the replies to the question- 
naire are summarized in this report. While 
it is believed somewhat premature to draw 
definite conclusions, nevertheless certain 
definite trends may be observed. 


Re rs the importance of pres- 
ent operating practice relative to lightning arrester 
installation and performance as affecting suitable 
standards for the design of lightning arresters and 
methods of protection, the subcommittee on light- 
ning arresters of the A.I.E.E. committee on protective 
devices and the subject committee on lightning 


Full text of a report (A.L.E.E. Paper No. 33-81) to be presented at the A.I.E.E. 
summer convention, Chicago, IIl., June 26-30, 1933. This report was prepared 
prior to the organization of the Edison Electric Institute. 
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A Joint Subcommittee Report* 


arresters of the N.E.L.A. protective equipment sub- 
committee, have cooperated in a joint questionnaire 
on lightning arresters for 11 kv and higher voltages. 
From the membership of these 2 committees,* the 
questionnaire has been circulated to 22 companies 
located throughout the United States; 17 repliest 
have been received from typical operating com- 
panies, representing approximately 34 per cent of the 
electric power industry, based upon output in 1931, 
or approximately 26 per cent based upon miles of 


* Members of A.I.E.E. committee on protective devices—Hollis K. Sels, chair- 
man, Pub, Sery. Elec. and Gas Co., Newark, N. J.; H. E. Allen, Pa. Water & 
Pwr. Co., Baltimore, Md.; I. W. Gross, Am. Gas & Elec. Co., New York, N. Y.; 
Herman Halperin, Commonwealth Edison Co., Chicago, Ill.; W D. Hardaway, 
Pub. Serv. Co. of Colo., Denver, Colo.; C. F. Harding, Purdue Univ., Lafayette, 
Ind.; W. D. Ketchum, The Commonwealth and Southern Corp., Birmingham, 
Ala.; H. A. P. Langstaff, West Penn Pwr. Co., Pittsburgh, Pa.; K. B. Mc- 
Eachron, Genl. Elec. Co., Pittsfield, Mass.; J. R. McFarlin, Elec. Serv. Supply 
Co., Philadelphia, Pa.; H. L. Melvin, Elec. Bond and Share Co., New York, 
N. Y.; O. M. Opsahl, Westinghouse Elec. and Mfg. Co., E. Pittsburgh, Pa.; 
A. H. Schirmer, Am. Tel. and Tel. Co., New York, N. Y.; and H. H. Spencer, f 
New Eng. Pwr. Engg. & Serv. Corp., Boston, Mass. 


* Members of N.E.L.A. subject committee on lightning arresters (1932-33) — 
N. L. Pollard (deceased March 8, 1933), chairman, formerly of United Engrs. 
and Constructors, Newark, N. J.; J. Bankus, Portland Genl. Elec. Co., Portland, 
Ore.; H. W. Collins, The Detroit Edison Co., Detroit, Mich.; J. H. Ferry,t 
Potomac Elec. Pwr. Co., Washington, D. C.; L. R. Gamble, The Washington 
Water Pwr. Co., Spokane, Wash.; H. A. Randall, Duquesne Light Co., Pitts- 
burgh, Pa.; J. E. Sheehan, Houston Ltg. & Pwr. Co., Houston, Texas; H. S. 
Sladen, Kansas Gas & Elec. Co., Wichita, Kan.; W. C. Sontum,ft Pa. Elec. 
Co., Johnstown, Pa.; H. H. Spencer,t New England Pwr. & Serv. Corp., Bos- 


si Mass.; and E. C. Williamson, The Tenn. Elec. Pwr. Co., Chattanooga, 
Tenn. 


Tt Replies to the questionnaire received, through the respective committee mem- 
bers, from all companies listed above except those designated by a dagger (f). 
In addition to those listed, information was received also from the Associated 


Gas and Elec. Co. (western Pa. group) and the Philadelphia (Pa.) Electric 
Company. 
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transmission lines. Three replies have been re- 
ceived from companies manufacturing lightning 
arresters, one from a communication company, 
and one from a school of electrical engineering. 
__In abstracting the replies received to these ques- 
tionnaires, it has been necessary to summarize such 
data as was uniformly reported in the replies. This 
has resulted in some loss of detail, but should not 
affect materially the deductions that can be drawn 
on the present operating practice of a large cross- 
section of the industry. 

Table I presents a brief summary of the physical 
characteristics of the systems reported, giving the 
voltage and miles of transmisson circuits involved 
together with the method of grounding the various 
networks. This table shows the predominance of 
solidly grounded neutral systems, which materially 
affects the rating of arresters used, and also checks 
with the report on the grounding practice of trans- 
mission systems presented by the subject committee 
on grounding at the Middle Eastern District meeting 
of the A.I.E.E. in March 1931, at Pittsburgh, Pa. 
Twelve of the 17 replies indicate that in general the 
neutral is grounded at the supply points in each net- 
work and 6 of these also indicate grounded neutrals 
at important load points, particularly on long high 
voltage lines. Only one company grounds the neu- 
tral at practically all supply and load points. Four 
companies do not indicate where the neutrals are 
grounded. 

Three of the non-operating company representa- 
tives express the opinion that from the standpoint 
of lightning surge voltages which may appear on a 
system, it does not matter what method is used in 
grounding the power system; but because of the 
limitations of present day arresters, it is possible 
to get better protection with a solidly grounded 
neutral system where the line to neutral voltage shift 
on a fault is such as to permit the use of an arrester 
having a lower rated voltage. One non-operating 
company considers the ungrounded power system 
safest, another ventures no opinion. 

While the coordination of system insulation has 
not become general, Table II shows that 7 out of 
17 companies are attempting definite relationships 
of system insulations with 4 more companies having 
it under consideration, but giving no data. Six 
companies have made no attempt. whatsoever to 
coordinate insulation. Several state that available 
test data are not sufficiently reliable or couisistent 
to effect satisfactory coordination of insulation 
strength. 

Three of the non-operating company representa- 
tives express the opinion that system insulation 
within the station should be limited to 2 levels 
(1) the insulation level of the station apparatus, and 
(2) the protection level, the line insulation being 
selected independently. This opinion, of course, 
is based upon being able to maintain a reliable pro- 
tection level. One non-operating company suggests 
that the sequence of impulse strength from maximum 
to minimum should be (1) internal insulation of 
apparatus, (2) apparatus bushings, (3) buses and bus 
connections, (4) line entrance to station. 

Another non-operating company representative 
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Questions Contained in the Questionnaire* 


1. What is your nominal system voltage between phases for each net- 
work system? 


2.* Is your system normally ungrounded, dead grounded, or grounded 
through resistance and/or reactance? Indicate approximate ohmic 
value, number, and location of grounds on each network system. 


3. What is the approximate mileage of 3-phase lines in each network 
system? 


4.* Do you attempt to rationalize or coordinate insulation of various 
parts, such as line, bus, breaker and transformer bushings, and 
breaker and transformer interiors? If so, indicate sequence of 
impulse strength, maximum to minimum. 


5.* Do you use some form of coordinating gap or other reduced in- 
sulation, other than lightning arresters, at any point on your sys- 
tem? If so, indicate location with reference to terminal appa- 
ratus and also relative vaiues of impulse strength. Give number of 
stations so protected with and without lightning arresters. 


6.* Do you use lightning arresters in stations or on lines? If so, give 
location in feet of arrester from other terminal apparatus, and num- 
ber of stations so protected without gaps. 


What is the rated line to line arrester voitage that you use? 


8.* Are your arrester ground connections separate from or tied to the 
main station ground? Indicate average length in circuit feet of 
tap and ground connections and average resistance of ground con- 
nections. 


9. Give number of stations without any protection from coordinating 
gaps or lightning arresters. 


10. Give types of ariesters used, such as auto-valve, thyrite, etc., indi- 
cating the manufacturer. 


11. What type and what voltage arresters have you installed in the past 
3 years? 


12.* If you have had failures in arresters purchased during the past 
3 years, what in your opinion caused the failures? 


13.* Have you had terminal apparatus failures, due to lightning, during 
the past 3 years when the arresters failed to protect it? Give type 
and voltage of arresters involved. 


14.* Should the voltage rating of an arrester be different for a grounded 
system than for an ungrounded system? 


15.* What measures have you taken to prevent arrester failures due to 
overvoltage from waterwheel runaway and/or similar causes? 


16.* Are arresters used in each station, substation, outdoor substation 
and switching station? 


17.* Do you use a disconnecting device with the arrester? If so, is it 


fused? 


18.* Have you noticed that some types of arresters installed during 
the last 3 years require more maintenance than others? [ff so, 
what types of arresters require excessive maintenance? 


19.* Do you use a method of testing the arresters by measuring the 
leakage or charging current under the application of rated voltage 
from a test transformer or a high voltage megger? An excessive 
current or a low iesistance would indicate a faulty arrester. 


20. Are the arresters that you are now using satisfactory? If not, why 


are you dissatisfied? 


21.* Do you believe that the tests called for in the proposed A.I.E.E. 
Lightning Arrester Standards and Appendix No. 28 are adequate? 
If not, why are they inadequate or what other tests do you consider 


necessary? 
* Entire 21 questions were submitted to operating power companies; 


“‘non-operating’’ companies were asked to state their recommended prac- 
tices on questions preceded by an asterisk (*). 


suggests (1) internal insulation of apparatus, (2) 
line insulation (assuming steel towers), (3) bus in- 
sulators, (4) apparatus bushings, (5) lightning ar- 
resters. 

Table III shows the extent and method of system 
protection used on the various transmission systems 
reported and indicates a prevailing practice of using 
lightning arresters in approximately 66 per cent of 
the 1,754 stations reported. In 3.6 per cent of the 
stations, coordinating gaps are used jointly with 
lightning arresters and only 1.1 per cent have co- 
ordinating alone; some of these installations are 
experimental. Approximately 30 per cent of the 
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stations reported are without any protection. Ap- 
parently, the use of lightning arresters is as universal 
as can be justified economically, while the use of co- 
ordinating gaps still is quite limited. Table III 
indicates also the use of many overvoltage arresters, 
often line to line voltage rating on solidly grounded 


neutral systems, in order to cope with overvoltage 
conditions such as waterwheel runaway. In gen- 
eral, the location of the lightning arrester installa- 
tion is as close as possible to the equipment to be 
protected, with as short a tap and ground connections 
as possible. In all cases except one where the 


Table I—Physical Characteristics of Systems (Summary of Replies to Questions 1, 2, and 3) 


Voltage Class (Kv) Total 
Miles 
Company 11.5 13.8 23 34.5 46 69 115 138 165 230 of Line Remarks 
PA ee es Miles OO er giz shane snebie SOO Been eee 1 OO Aer Si OL err STDs anc yeahs eNOS Gines orca reg ane 5,805 *350-27.5 kv 
Grounding meta ORR Eat O=Rese hacer OZR: e(OR Meer eee O-R O-R....O-R *#88 kv 
Bien: Miles eerie 04 erence tate ear tete 688i kee es 404. a 6 190 seer Ro re a Oe) nomen aeruene cae 1,646 *Part not grounded 
Grounding O-Ri ee a eee O-R*. O=Ret coed rete eae @=Ra. OR... O2R ‘ 
(Co) Adis 9 aU UES Gey amen I erie eee re QUOSE See boii Mudie aR gee ues eo ed ricer bars eeemn chiens eh SN ee Whee ee NOS 28* *Open wire only **20 kv 
Crotinditig. 23-9. seotes ce ae es OF Ripe are ORR Te Se eo eda talbott aac Qnty eran O-R 
De s. IMiesqeey ms dWRiNs ice AR a ae COO zie er ene Mair, Se oN cnn ta eed OFT Okie cece ea AR ot raveene 1,051 *3,333-kva and 10,000-kva 
SFOUNGIN Ge wearers ane reas SULOSRN, aise Eee caves CRO mt st hare nee 63 R grounding transformers 
ae ope Miles). ccitccs Practically all classes with large mileages in 13.8, 69, 115 and 1388 kv......................-++.. 26,000 
Grounding. . Practically all systems operate with solidly grounded neutrals 
EMER IVETIOS tetanit 3) DAU) eaten noih costs ouch la sinte@ uesiive alec ee LOU oe aciole ett oe hr AOS ee 1,189 *12°kv 
COEOUN CIS > Renee n ac eA aed hE ek ecp nge ele ORR eee Niveau Serene O-R 
Ganon e INMMeSr peel O los eeu eee eT ae aetine Ae Ne ees, Bais tos Seats BOD ees Ore ha atle co cate nd SROe cen aes 840 *61.2 kv 
Grounding. .O-R......... Bay. 4 .O-R 
13s ene Miles wee apres el Lo Ouwe nl ane euttnakye ersten seh o.« 370. aay RC Beak eines eos eee cee Re aig © 155. )- 1,821 
Grounditig..) 2.43. Ba RS RA yc ann the cea op ORR Nee oe es Shes ORRSIS Nhat ect ihc cere O-R 
7-R, 9.5-X 
Ungrounded 
Te yeas Miles eriaae De Rc ote eRe, Res fone DB ok ttre ccm eee .409* 740 Aba kv, 
Grounding anaes inner ieee ee Ungrounded....,. ee O-R 
154-Y 
NN yeceniehs: IWIG SS francine ues: 16 Os rapitatecasie recy retires Aims eRe seek e PRED A crite aM idaiane wed nels DAMN Aalak ware scoot ea” ae 970 *100 kv 
Grounding......... Witgrounded (nic iar als a sian OARO i: O-R **R espectively 
Ungrounded** 
baer VIM ES ier te pa rea OO cas ainds tigeddehy mite ameter demste SRM ee aes eo Ove ohare rer Pa 1,459 *26.4 kv 
Grounding...... OPA Re en ate ec ty Fe Sane ae 75-R ee SO RUG ee ead erate OFRGh toe ee O-R 
etebe ape NETIES eared te nila Otic, enter ante eto 141.. DOT settee ee ee L697 aoe sas bo edie ery aamecge 4,756 *154 kv 
Groundingrn. Onna eEe ee nunpcwne ee 8) ot te Ae ne eT ae CERT thay okt ay ete ees Os at ees O-R 
Vie hie MTL EG nati EB Nae ars peaarces oma incetins tacaes Macey Le, SAGES, coeyen hy Rw 2,667 *24 kv 
Groundit ge reer mk eee ae re ay a? wi ORR Us wees eas AS Oe O-R **120 kv 
MPMI lesen lh SO Lon eons yee as OO ae ett ieecie he LO eric ae eee 206.....420. Bo fase a neticnes 2,439 *154 kv 
Grounding: O-R).3O-Rii ce sa Os Rae A Nae ate at ne O-R.. 7 O-R Os Ric ae ine O-R 
Ore NIL CSY seem ener en OLS tainetors: seuarnn qantas Catlett ee «eRe ne PADS er GO2Ous 6 ae 1,703 *60 kv 
Grounding a: <0 05. Wagrounded..2o) sun sees O-R....O-R 
188* 
eV AaLES eh aise PBS, Sher «3 a ehitnte nL Soe HO 396 *25 cycles 
Groundin ea Alen rear ie tar ae Scher Gane ae ag halen finds « She ee DOERS. O-R 
O-R 
: 300-X 
Ore VLU CS ii ose omaren scr oye he eek, wee BG OOF ee. sac hancets USO oe Aa roc ate tice Canes 397. 15927 *25 ky 
CSOUNGING orn ene Nt eici re seus te ee Leake O-R O-R 
Grand ‘totalj.2.. a1) DOs 8e 


Grand total U.S. (N.E.L.A.)........211,361 


Voltage classes shown in italic type are N.E.L./.. preferred ratings. 


Note.—O-R indicates solidly grounded but 3-R indicates that 3 ohm resistors are used. 


X and Z similarly indicate use of a reactor or impedance. 


Table Il—Coordination of System Insulation (Summary of Replies to Question 4) 


Bushings Internal 
Dis- Oil Oil 
Coordinating connect Circuit Circuit 
Company Line Gap Switch Bus Breaker Transformer Breaker Transformer Remarks 
SS 8a ek arate on or AS desired. .i4 9; 0454 rites poo le Esa See 1 5 
ay Ae desiveds npn a), Lan ed eae ee. ok ere Sos 
aoe . None at present; under consideration 
.. None except on oil circuit breaker and trans- 

12 em PAS CESIr ed sect weiss eer Leet ree et, Pics ee 2 2 a 
aa pekadecred. saiaecd.. ee ae MeO) geek yee 2. aa) oo ts tt ea 
eae As desired. . 28 aoe LoS. nee 8. ik a5 
M 24 kv ate ro thane Cetin ‘oe a i 

anae pCR eae a can ae ee See a -*Line Pothead 5 and Station Pothead 3 
P 230 kv a ee Oey al aa 7 ome ea iehitnt 

a ra} ae ae - Eee A ty ey are moa ie Be eo a .. Lightning arrester 6 
3 moire Bee Bee aes eons y obi wate an ses Eh oes .. Lightning arrester 5 


.. Attempt to through 60-cycle flashover values; 
impulse strength to be studied 


Numerals indicate relative impulse strengths, maximum to minimum. 
Companies B, C, D, I, N, and O—no plans at present. 
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lightning arresters are mounted on the same struc- 
tures, the arrester ground connections are connected 
to the main station ground to keep the ground re- 
sistance as low as possible, usually from 1 to 5 ohms. 

All the non-operating company representatives 
recommended the use of lightning arresters installed 
as close to the equipment as possible with tap and 
ground leads together not to exceed 100 ft particu- 
larly in the higher voltage classes. All except one 
recommend connecting the arrester ground to the 
main station ground in order to obtain as low a 
resistance as possible and place the arrester directly 
in parallel with the equipment to be protected. In 
addition to the lightning arresters, 3 recommend 
the use of some sort of coordinating gap as a secon- 
dary line of defense, and one would recommend the 
use of a coordinating gap if the ability of the lightning 
arrester to protect is questionable. 

To show the types of arresters installed on the 
various systems and those installed in the 3 years 
since June 1929, Table IV was prepared. Although 
not indicated in the table, practically all voltages and 
kinds of arresters have been installed within the last 
3-yr period, with the exception of electrolytic and 
gap types. 

In order to determine if there are any outstanding 
failures of lightning arresters or equipment, Table V 
has been prepared showing the tabulation of equip- 
ment that has failed in the past 3 years although 
protected by lightning arresters. This table shows 
that the outstanding cause of failure of lightning 
arresters installed within the 3 years is moisture 
inside the arrester, indicating more or less mechanical 
weakness. It is interesting to note also that the 
failures of arresters installed within the 3 years 
have been more numerous than failures of apparatus 
protected by those arresters. While many appara- 
tus failures have occurred during the 3 years, it 
should be noted that practically all of this equip- 
ment has been protected by the older types of 
lightning arresters. In several cases, it has been 
noted in the replies that the failure point of the 
equipment is less than the known protective char- 
acteristic of the lightning arresters. 

The non-operating company representatives have 
indicated failures of lightning arresters due to light 
mechanical construction, leakage of moisture, and 
overvoltage. Failures of terminal equipment have 
been attributed to direct strokes, failure to protect 
by older types of arresters, or improper selection 
and installation of new arresters. 

Fourteen operating company representatives have 
expressed the opinion that the voltage rating of an 
arrester should be different for a grounded system 
than for an ungrounded system, while 2 have ex- 
pressed the belief that arresters should have a single 
rating in each voltage class and be capable of operat- 
ing on either a grounded or ungrounded neutral 
system with ample protective ability. Four non- 
operating company representatives considered that 
sufficiently better protection may be obtained to 
justify arresters having a lower voltage rating for a 
solidly grounded system than for a partially grounded 
or ungrounded system. 

Seven operating company representatives reported 
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that arresters with overvoltage ratings were installed 
in order to prevent arrester-failures from overvoltage 
caused by waterwheel runaway and/or similar 
causes. However, one of these companies has de- 
creased the voltage rating and has installed mechani- 
cal and voltage trips for the generator field and line 
breakers also to act on the governor. One of these 
companies also has installed a voltage limiting 
device on the generating station voltage regulators 
to limit overvoltages. Ten companies do not 
require any such provision. Two non-operating 
company representatives prefer some control device 
to limit the overvoltage impressed on the arrester 
or to increase the rating of the arrester, so that 
normally the arrester will have a minimum voltage 
rating to provide better protection. One non- 
operating company representative recommends no 


measures to prevent arrester failures from over- 


voltages, and 2 express no opinion on the question. 

Ten operating companies use lightning arresters 
in 90 per cent or more of their stations, substations, 
outdoor substations, and switching station fed by 
open wire transmission, with the exception of 2 
companies which limit the use of arresters to low 
voltages (44 and 26.4 kv). Seven operating com- 
pany representatives would not recommend the 
use of arresters in every station because they cannot 
be justified on account of the additional cost and the 
lightning hazard. All 5 non-operating company 


Table IV—Type of Arresters Installed (Summary of Replies 
to Questions 10 and 11) 
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*Types installed within the 3 years since June 1929. 
**This tabulation covers only 11.5-, 15-, and 18-kv crystal valve arresters. 


representatives recommend the use of lightning 
arresters in every station where the lightning hazard 
and the value of the service or the equipment eco- 
nomically justifies the protection. 

Six operating companies use an unfused discon- 
necting device with the arrester in some locations 
and not in others, determined mainly by the im- 
portance of the location. Eleven operating com- 
panies use an unfused disconnecting device with every 
arrester, with one exception in the 13-kv class; 3 
of the 11 companies recommended in addition the 
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Table V—Equipment Failures Due to Lightning in the 3 Years Since June 1929 When Arresters Failed to Protect 
(Summary of Replies to Questions 12 and 13) 


L. A. Failures 
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*Arrester installed prior to June 1929. 


use of a fuse with the disconnecting device, 2 com- 
panies on all electrolytic arresters and the other on 
atresters of 33 kv and less. Four non-operating com- 
pany representatives recommend the use of a dis- 
connecting device with the arrester, one of these 
being a fused device. One non-operating company 
representative does not recommend a disconnecting 
device. 

Thirteen operating companies have not found that 
atresters installed during the 3 years since June 1929 
require more maintenance than others. Four com- 
panies have experienced moisture getting into 
both station and line type arresters and have had 
trouble with the inadequate discharge capacity of 
some line type arresters. None of the non-operating 
company representatives have observed that recent 
types of arresters require undue maintenance. 

Only 4 out of 17 operating company representa- 
tives report testing arresters in service; 3 of these 
use a megger, one and oil test set; one short circuits 
the gap at normal voltage. Four of the non- 
operating company representatives believe that 
measuring the resistance and the leakage or charging 
current is not a sufficiently reliable field test for ar- 
resters because the results do not indicate the 
operating condition of the arrester or give any 
indication of the protection afforded by the ar- 
rester. 

Seven of the 17 operating companies report that 
they believe the arresters they are now using are 
satisfactory for the purposes for which they are 
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intended. The remaining 10 express considerable 
dissatisfaction with present day arresters: 9 state 
that the arresters have insufficient protective ability 
to reduce overvoltages below insulation levels, as 
indicated by equipment failures; 5 believe that the 
arresters are not sufficiently moisture-proof, as 
indicated by inspection and lightning arrester 
failures; 2 believe that the arresters have insufficient 
discharge capacity, as indicated by arrester failures; 
2 consider lightning arresters too costly for general 
use, as compared with other protective means such 
as coordinating gaps, and too costly to justify the 
saving of tripouts. 

Twelve operating company representatives and 
four noil-operating company representatives believe 
that the tests called for in the proposed A.I.E.E. 
Lightning Arrester Standards and Appendix No. 28 
are the best that can be devised with present knowl- 
edge of the art, and that they should be adopted and 
revised as found necessary. Five operating company 
representatives do not consider the proposed tests 
adequate: 3 of these suggest that, although the 
proposed tests provide a means of comparing 
lightning arresters of different manufacturers, addi- 
tional tests should be incorporated to determine the 
capabilities of the arresters and demonstrate the 
actual protective abilities of the arresters in service 
on a system, subject to actual lightning discharges; 
2 believe that the proposed tests are adequate as 
factory tests, but recommendations for field tests 
also should be made to determine the operating condi- 
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tion of the arrester in service and what overvoltage 
the arrester may be subjected to without hazard. 


CONCLUSIONS 


Whole it is somewhat premature to draw definite 
conclusions on the satisfactory installation and 
performance of lightning arresters to obtain the best 
overall system protection, nevertheless, certain 
definite trends may be observed. A summary of 
these observations has been attempted: 


1. From a lightning protection standpoint, operation of a power 
system with solidly grounded neutral predominates because (1) 
it reduces normal voltage stresses and (2) it therefore permits the ap- 
plication of an arrester of lower voltage rating which will limit 
abnormal voltage stresses to a minimum. Of course, many other 
factors also effect the method of neutral operation as covered by the 
1931 report of the A.I.E.E. subject committee on grounding. 


2. Several companies are attempting in a limited way to coor- 
dinate system insulation to the extent of available information al- 
though there is some question as to the number of insulation steps 
necessary in terminal equipment for proper coordination; but it is 
pretty generally believed that the internal insulation of equipment 
should be the strongest. 


3. Too little information is available regarding the dielectric 
strength of equipment made and tested in different plants and labora- 
tories to effect proper insulation coordination. In such information 
as is available there is an evident lack of agreement resulting from 
the test methods used. 


4. With an adequate coordinating gap, supplemented possibly by 
a lightning arrester, there apparently is a trend toward not more 
than 2 levels of insulation in terminal equipment, that is, internal 
and external insulation levels. 


5. Lightning arresters are used almost universally, being located as 
close as possible to the equipment to be protected with tap and 
ground connections as short as possible, and grounded to the main 
station ground so as to keep ground resistance as low as possible 
in the shunt protective circuit and to place the arrester directly in 
parallel with the equipment. Ina few cases coordination gaps have 
been used either alone or in combination with arresters. 


6. Arresters of practically all voltages and types have been installed 
within the last 3 years, with the exception of electrolytic and gap 
types. 


i 


7. The outstanding cause of lightning arrester failure has been 
moisture getting into the arrester, indicating mechanical weakness. 
Also, failures of arresters installed within the 3 years since June 
1929 have been more numerous than the failures of apparatus pro- 
tected by these arresters. Manufacturers already have taken 
cognizance of this fact and are taking steps to improve arrester 
construction. 


8. Practically all apparatus failures during the 3 years since June 
1929, are summarized in Table V, have occurred on equipment 
protected by the older types of lightning arresters. 


9. The protective ratio (ratio of maximum impulse voltage to cir- 
cuit voltage rating) of the modern type of lightning arrester is so 
high that increased protection will be obtained with arresters having 
the lowest line to ground voltage rating permitted by the method of 
grounding the system neutral. 


10. A Practically no auxiliary equipment is used to limit overvoltages 
on lightning arresters, and protection is sacrificed when it is necessary 
to use arresters of higher than normal voltage. 


11. Lightning arresters are recommended quite generally for in- 
stallation wherever the value of the service or the equipment eco- 
nomically justifies the protection, taking into account the ability 
of the arrester to protect from the lightning hazard involved. 


12. In general, unfused disconnecting devices are used with 
lightning arresters except where they cannot be justified eco- 
nomically. 


13. No reliable field tests have been recommended for testing the 
operating condition of lightning arresters in service. 


12 A small majority have expressed dissatisfaction with modern 
lightning arresters because they have insufficient protective ability 
and discharge capacity, are not moistureproof, and are too costly. 


15, A large majority believe that the tests called for in the proposed 
A.I.E.E. Lightning Arrester Standards and Appendix No. 28 are 
satisfactory for comparative purposes and should be adopted 
although tests have been suggested to determine the protective 
ability and operating condition of the arrester in service. 
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Electricity in Iron and 


Steel Production—1932 


In spite of the fact that there has been little 
new construction, numerous developments 
of electricity in the production of iron and 
steel were made during the past year. 
These ‘are outlined in the following report 
of the Institute's committee on applications 
to iron and steel production. 


ly NO YEAR since electrification 
gained a foothold in the industry, has there been so 
little activity in main roll drive equipment. When 
the industry is operating at 15 per cent of capacity 
there is no justification for the comparatively large 
expenditures involved in the installation of new 
mills. However, periods like the present empha- 
size the need for reducing costs wherever possible; 
in many instances expenditures for modernizing 
auxiliaries have been more than justified even at 
present production, for the resultant saving. 

The main roll drives installed during the year 
consist of: a 3,000-hp 6,600-volt 60-cycle motor 
driving a sheet bar mill; a 500-hp 2,200-volt 60- 
cycle motor driving a 10 in. merchant mill; a 1,000- 
hp a 600-hp and 2,400-hp d-c motors driving cold 
roll mills and 1,200-hp and 600-hp motors on cold 
roll strip mills. 

The sheet and tin section of the industry seems 
to be going through a violent awakening, and has 
shown much activity, evidenced by the installation 
of automatic furnace and catcher equipments, cold 
strip mills, continuous gaging equipment, automatic 
length measuring apparatus, bright annealing fur- 
naces and so forth. 

A considerable number of automatic catcher equip- 
ments for sheet mills have been installed. Due to 
the extremely rapid operating cycle on these devices, 
requiring the driving motors to reverse up to a 
maximum of 40 times per minute, it has been neces- 
sary to develop special motors and control equip- 
ments. The majority of these equipments have 
employed fan cooled squirrel cage a-c motors, but 
for some mills adjustable speed, d-c motors have 
been used. 

While automatic catcher equipment for 2-high 
mills was first introduced a year or 2 ago, auto- 
matic and manually controlled equipment was 
developed this year for the 3-high sheet mills. 

In this field the photoelectric tube has been ap- 
plied in some cases as a limit switch to control the 


Full text of the annual report for 1932 of the A.I.E.E. committee on applications 
to iron and steel production to be presented at the A.I.E.E. summer convention, 
Chicago, Ill., June 26-30, 1933. 


Committee on applications to iron and steel production: F. O. Schnure, chairman; 
K. A. Auty, J. J. Booth, F. B. Crosby, Wray Dudley, A. M. MacCutcheon, 
J.S. Murray, G. E. Stoltz, Wilfred Sykes, H. A. Winne, and R. H. Wright. 
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automatic operation of the catcher equipment. It 
has also been used in connection with a pack meas- 
uring device consisting of a Selsyn generator geared 
to the mill and a Selsyn receiver connected to a 
pointer revolving about a dial to give automatically, 
a fairly exact indication of the length of a sheet after 
each pass. This indication permits faster rolling, 
increases of from 5 to 10 per cent having been re- 
ported where adequate heating capacity is available. 
It also reduces the scrap percentage because it indi- 
cates to the roller after each pass, what elongation 
has been effected during that pass and finally indi- 
cates on the last pass, whether or not the pack is 
long or short. 

Catcher motor and control equipment is under- 
going continual improvement. Motors can be sup- 
plied taped for several combinations of winding 
producing various values of torque and rates of 
acceleration and deceleration. When rolling loose 
packs it is necessary to artificially slow up the rates 
of acceleration and deceleration of the chain con- 
veyor motors and this can be accomplished either 
by the above mentioned method of changing the 
motor winding, through a semipermanent 3-phase 
resistor in the motor circuit or by a saturable reactor 
in the common circuit of the 2 chain conveyor motors. 
Each phase of this reactor will have an a-c and d-c 
winding and the reactor is designed to develop a 
high value of reactance when the d-c circuit is 
open. When either the forward or reverse contac- 
tors close, d-c excitation is applied to the reactor. 
The effective reactance of the reactor then decreases 
as the direct current builds up in the excitation 
winding. By varying the strength of this current 
with an adjustable rheostat, the time of reversal 
can be readily adjusted from 3 to 10 cycles to allow 
the maximum speed of reversal without slippage; 
that is, if a motor ordinarily reverses in 10 cycles 
this device permits increasing the time from 13 to 20 
sec. The chief advantage of the reactor method 
over the resistor method is that the slow down is 
readily adjustable. 

Automatic tension reels have been applied in wire 
plants where a squirrel cage motor was designed to 
operate beyond the peak in the torque curve; that 
is, as the slip increases the torque from the motor 
decreases. When the reel is approaching its filled 
point, the torque delivered from the motor shaft is 
less at the speed required, than when the reel is 
partially filled. This condition exists because the 
windage and friction at the higher speed plus the 
torque necessary to give the proper tension, requires 
a higher torque from the motor than that required 
to maintain approximately the same tension at the 
lower speed, with the increased lever arm. 

The measurement and control of temperature dur- 
ing rolling operations, especially with alloy steels is 
an important factor in the gage or finish of ma- 
terial. The photoelectric tube pyrometer utilizes 
the radiation from the hot metal as indications of 
temperatures above 1,500 deg EK; Relay devices 
can be actuated to perform whatever service 1s re- 
quired. 

Gear motors, consisting of standard a-c or d-c 
motors with built-in gear systems have been de- 
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veloped for light runout tables and similar appli- 
cations. Thrustors, a device for producing straight 
line motion, continue to find new applications. 

“Bell” type electric furnaces have been developed 
for bright annealing wire and strip of either copper, 
copper alloys, or steel. Continuous type furnaces 
for similar purposes have been built for material 
that represents bulk rather than weight. Atmos- 
pheres in either type are of a protective nature to 
prevent oxidation of the material being heated. 

Development continues in the use of high fre- 
quency current, on the order of 1,000 cycles, for in- 
ductively heating materials for annealing, normaliz- 
ing, or forging. The probabilities are that this 
method will gain in favor in the future, as the 
advantages in this type of heat treating and anneal- 
ing are exploited. 

A great number of devices and developments 
common to all industry are being used to advantage 
in the steel industry. Among them are control 
using gas or mercury vapor hot cathode electronic 
tubes for resistance welding of the intermittent 
type; de-ion grids for oil circuit breakers and 
ordinary safety switches; de-ion air circuit breakers 
rated as high as 1,200 amp., 7,500 volt, for main roll 
drives; X ray equipment for radiographic examina- | 
tion of thick sections of metal and numerous others 
of like importance. 

Coated welding electrodes, which are now avail- 
able in both rod and coiled form, for general as well 
as certain specific applications, have been improved 
to secure penetration with a lower current, thus 
avoiding the “‘spattering’’ known as undercutting. 

While there has not been a great amount of 
progress in the exchange of power between steel 
plants and central stations, the margin between the 
costs of power generated from the by-product heat 
from the basic operations of steel making, and power 
generation by central station steam and hydroelec- 
tric facilities, has steadily narrowed. The prob- 
abilities for the future are toward the use of all 
possible available by-product heat in steel heating and 
treating operations and the purchase of power, 
rather than the generation of power from the by- 
product gases, and the purchase of auxiliary fuels 
for heating and treating operations. 
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Relaying of High Volt- 


age Interconnections 


A resume of relaying of high voltage 
transmission lines is presented in_ this 
article, with particular reference to the 
factors which must be considered on 
interconnections. The various types of 
relays in use are summarized from an 
operating engineer's point of view and 
conclusions are drawn. It is shown that 
the most satisfactory schemes are very 
expensive and the cheaper schemes are not 
entirely effective. A theoretical solution 
is proposed. 


By 
H. P. SLEEPER publieService ElecsandiGas or 
MEMBER A.LE.E. Newark Nd. 


1 INTERCONNECTION of large 
power systems by means of high voltage transmission 
lines has expanded so rapidly in the past 10 years 
that it no longer involves any major engineering 
problems in the usual application. This excepts 
the problem of stability which may or may not be 
present. The protective relaying of such lines has, 
however, not become standardized and the number 
of different schemes in use today indicates that com- 
plete agreement has not been reached. Moreover, 
the economics of the various schemes vary over wide 
limits. Both phases of the subject are worthy of 
the engineer’s study, and it is the purpose of this 
paper to discuss the merits of the principal schemes 
and indicate their comparative economics. 


INTERCONNECTION RELAYING 
COMPARED WITH ORDINARY RELAYING 


The essential differences between the ordinary 
relaying of intra-system lines and the relaying of 
interconnection lines between systems may be 
enumerated as follows. The blocks of power to be 
transmitted over interconnection lines are usually 
much larger than over intra-system lines. This 
alone does not necessarily effect the choice of relay 
schemes but in combination with the next point it 
presents a limitation. The second point is that the 
lines are usually of high impedance, being in the 
ordinary case long open wire lines with large phase 


SEE 
Full text of a paper “Relaying of High Voltage Interconnection ABs issi 

ras ae ansmissi 
Lines’’ (No. 33-73) to be presented at the A.I.E.E. summer convention Chica “ 
Ill., June 26-30, 1933. j SH 


402 


spacings to accommodate the high voltages em- 
ployed. The stability limits of such lines are critical 
and this imposes the first definite requirement on the 
relaying of these lines, namely, that of high speed 
operation. In this paper it is assumed that high 
speed circuit interruption of the order of 6 to 8 cycles 
is supplied where high speed relaying of approxi- 
mately 2 cycles or less is employed. . 

The third point of difference is the peculiar condi- 
tions imposed on such relays while the systems are 
oscillating with respect to each other. These condi- 
tions may also be present on intra-system lines where 
various power sources are connected by the system 
transmission lines, although the magnitudes of such 
power swings are usually less. The relays should be 
capable of differentiating between the conditions of 
power flow caused by faults on the interconnection 
line, and the power flow caused by hunting between 
the systems. In the latter case it is most important 
that the relays remain inoperative since the con- 
tinuity of the interconnection at this particular time 
may be most important, as the cause of the swinging 
may readily have been a case of major trouble on 
one of the systems and part of its power sources 
may have been rendered unavailable. Hence it is 
vital that the interconnection transmission line re- 
main in service to deliver emergency power to the 
system whose load may now exceed the connected 
generation. On the other hand the relays on such a 
line should be capable of detecting power swings 
which indicate severe out-of-step conditions. When 
such conditions occur it is usually best for the systems 
to be separated and the relays should accomplish 
this. 


REQUIREMENTS OF THE IDEAL RELAY SCHEME 


Hence we may enumerate the requirements of the 
ideal relay scheme for the protection of an open wire 
high voltage interconnection transmission line, as 
they are considered in this article, as follows: 


1. Therelay scheme shall be inherently selective. 


2. The relays shall operate instantaneously (2 cycles or less) when a 
fault occurs. 


3. The relays shall operate simultaneously on the ends of the line. 


4. The relays shall be unaffected by swinging conditions between 
the systems as long as the systems do not become out-of-step, in 
which case the relays should operate. 


5. The relay system should provide protection for both phase and 
ground faults. 


There are a few schemes of relay protection which 
meet most of these requirements as far as phase to 
phase faults are concerned and these will be discussed 
first. The detection of ground faults presents more 
complications in general. The distance type of 
phase relay protection will be considered first, 
not because it is the best scheme available but be- 
cause it is the one which is probably in most common 


use on interconnection lines constructed in the last 
few years. 


DISTANCE RELAYING 


Distance relaying has many inherent advantages 
to recommend it, such as its feature of automatic 
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selective operation by fault location, its simplicity, 
and its low cost. It operates instantaneously for a 
large proportion of faults on the line. It also pro- 
vides back up protection, usually in the form of self- 
‘contained time element devices which are set into 
operation by other distance measuring units within 
the relay. But it cannot be said that distance relay 
protection meets the high speed requirement since 
its principle of operation leaves a zone of approxi- 
mately 15 per cent of the line at the far end for a 
safety factor in distance differentiation. Faults 
in this zone are detected by the operation of time 
delay devices. Therefore it may be said that the 
distance relay meets the speed requirements only 
85 per cent, and the distance relay protection of both 
ends of a line meets the requirement only 70 per cent, 
since faults in the two 15 per cent zones are not dis- 
connected instantaneously or simultaneously. For 
the purpose of discussion it is assumed that the num- 
ber of faults on a line will be evenly distributed over 
its length. Hence the measure of the high speed 
ability of a relay scheme is that percentage of the 
length of the line on which faults are cleared in- 
stantaneously. The writer chooses to set distance 
relays conservatively with the balance point at 85 
per cent of the length of the line. This allows as 
high as a 10 per cent shifting of the balance point 
to occur from all causes such as changes in generator 
schedules, outages of intra-system lines, and equip- 
ment and personnel errors, without endangering 
selectivity. 

The time of operation of the distance relay scheme 
varies from a minimum of 1 cycle in 70 per cent of all 
fault locations, to a first time zone operation for the 
remaining 30 per cent of fault locations, the time for 
the 30 per cent zone being usually a minimum of 20 
cycles and frequently higher as conditions dictate. 
A time of 20 cycles permits a safety factor of 100 
per cent when selecting with a 2-cycle relay and an 
8-cycle circuit breaker. If fault locations multiplied 
by operating times could be averaged it might be 
said that the average operating time of the distance 

(70 X 1) + (30 X 20) 6.7 


relay scheme is 100 = 
cycles. It might therefore be said that the average 
operating time of distance relay protection ap- 
proaches that of a high speed scheme. 

Although the distance relay does not usually 
afford true high speed protection, there is one 
condition where this limitation is avoided. This 
is the case, sometimes found in practice, where a 
high voltage line has transformers at each end and 
the line circuit breakers are connected in the low 
voltage sides of the transformers. This makes the 
transformers a part of the line and their lumped 
impedances permit the distance relays to be set so 
that all faults on the line, and in parts of the high 
voltage windings of the transformers, will cause 
operation of the instantaneous elements of the relays. 
This causes all line faults to be cleared instantane- 
ously and simultaneously at both ends. 

The instantaneous operation of distance relays 
over the initial 85 per cent of the line requires that 
the directional elements of these relays shall be of a 
high speed nature. This is not difficult of attain- 
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ment if the fault is not too close to the bus, or if it 
involves only 2 phases. But a 3-phase fault close 
to the bus may give a voltage of only 1 or 2 per cent 
of normal, being mainly the resistance drop in the 
arc. There is no voltage controlled directional 
element available which will operate instantane- 
ously under these conditions. It is therefore im- 
portant, where possible, to take relay potential for 
the directional elements only from the opposite side 
of the station power transformers. Thus any feed 
back through these transformers gives an impedance 
drop which will increase the voltage on the relay 
directional elements and speed up their operation. 

The economics of this type of protection are very 
favorable since no special high voltage or low voltage 
equipment is required and the cost of such an in- 
stallation compares with that of an installation of 
standard directional overcurrent relays. An ac- 
curate replica of voltage conditions on the high 
voltage circuit should be supplied to the relays but 
high voltage potential transformers are not absolutely 
necessary, as bushing potential devices used for this 
purpose are in successful operation. (See ‘“‘Bush- 
ings Supply Potential,’ by H. A. P. Langstaff and 
P. L. Langguth, Elec. World, Nov. 24, 1928, p. 
1048-5. Also “Relays Operated From Bushing 
Potential Devices,’ by P. O. Langguth and V. B. 
Jones, Elec. World, June 25, 1932, p. 1092-6.) 

Distance relays are made today in both the 
impedance and reactance types and their compara- 
tive merits have caused considerable controversy. 
Theoretically the use of the reactance principle with 
distance relays on open wire lines offers advantages 
because of the elimination of any consideration or 
effect of arc resistance. On the other hand the 
fact that the reactance relay will operate on normal 
system load characteristics, namely, small apparent 
reactance and high apparent resistance, complicates 
the use of this principle. The introduction of a 
fault detector relay is the solution of one manu- 
facturer. Another places a minimum reactance 
pick up on the reactance element such that normal 
load reactances will not be in the zone of operation. 
Both of these schemes have disadvantages; the 
former delays the operation of the relay while the 
fault detector element operates; and the other 
causes the relay, by the recommendation of the 
manufacturer, to be restricted to short line applica- 
tions. 

Each of the 2 types of distance relays has its pecu- 
liar advantages. The impedance principle is the 
simpler since only a consideration of ratios of quan- 
tities is concerned because the torque of such a relay 
is proportional to J’—H?. The torque of a re- 
actance relay involves the angle between the current 
and voltage, being proportional to J?—EI sin ¢. 
This has the distinct advantage that the resistance of 
the entire fault circuit is eliminated from all calcula- 
tions. But it complicates the operation of the relay 
since the angle ¢ may vary during the development of 
a fault, or after the clearing of a fault when hunting 
may exist between the interconnected systems. The 
same may occur for faults on the taps of tapped trans- 
mission lines. Such lines offer problems to any type 
of distance relay since the voltage at either terminal 
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is not a true measurement of the distance to the fault 
by reason of the increased voltage drop. due to the 
presence in the tap circuit of the summation currents 
from the 2 sources. 

In the writer’s opinion the use of the reactance 
principle, except on short lines where arc resistance 
may represent a large factor in fault impedance, 
does not seem to be as desirable as the simpler im- 
pedance principle. Furthermore from a_practical 
standpoint, reactance relays are more difficult to 
calibrate in service than impedance relays. 

Experience with distance relaying shows that 
undersirable operations sometimes occur due to 
changes in the quantities presented to the relays. 
These changes are caused by developments at the 
fault as time progresses. The original relay interpre- 
tations are therefore more apt to give correct distance 
readings. This suggests the desirability of so modi- 
fying the design of distance relays that the original 
measurements determine the time of operation. 
This would prevent arc resistance, for instance, 
from increasing to the point of falsifying the dis- 
tance measurement of an impedance relay and would 
thus eliminate the main objection to this relay as 
applied to the short circuit protection of short lines. 
On longer lines of the type under discussion such 
errors are negligible. 

The operation of distance relays under conditions 
of system surging leaves considerable to be desired. 
The impedance type relay in general seems to offer 
the better chance of holding the systems together 
under such conditions since only ratios of currents 
and voltages are being compared in the relays. But 
it may give delayed operation for an out-of-step 
condition for the same reason. The reactance relay 
will be more sensitive to hunting and should operate 
readily for out-of-step conditions. It is, however, 
more apt to trip incorrectly during surging because 
at one point in the rotation of currents and voltages 
the relay is measuring system resistance only. The 
ability to separate interconnected systems during in- 
stability at the most desirable geographical point 
may offer a difficult problem with any type of re- 
laying. Some special form of out-of-step relay is 
usually the simplest practical answer. 

There are 2 schemes which compare directly with 
the distance relay for the protection of interconnec- 
tion lines, both of. which suffer in comparison of 
economics but have distinct engineering advantages 
and some practical disadvantages. The first is 
pilot wire relaying. 


Pitot WIRE RELAYING 


Pilot wire relaying is an old art still somewhat in 
use but comprising only a small percentage of total 
system relaying today in this country. Its particu- 
lar advantages as applied to the protection of 
interconnection lines are its inherent selectivity and 
its feature of simultaneous operation at both ends 
for all locations of faults. The pilot wire relay 
scheme may be made to meet these 2 requirements 
perfectly and is the only scheme in common use to- 
day of which this is true. 

Pilot wire relaying is inherently a high speed 
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scheme and operates in an overall time of 1 to 2 
cycles in its most preferred forms. 

Another advantage of pilot wire relaying is its 
ability to operate independently of system condi- 
tions such as connected generating capacity and 
outages of transmission lines. The practical ad- 
vantage of this phase of any relaying scheme is para- 
mount to the operating engineer. The necessity for 
special calculations and the resetting of relays for 
different system set-ups is the bane of the operating 
man. 

A further advantage of pilot wire relaying is its 
ability to protect for both phase and ground faults, 
using the same set of relays. This feature is per- 
haps one of its most desirable characteristics since 
the range of current values for these 2 types of faults 
may run as high as 9 to 1 even on a solidly grounded 
system. These data are a matter of actual record 
on a large 220-kv interconnection system and were 
taken from automatic oscillograph records. Some 
schemes of pilot wire protection, however, use 
separate phase and ground relays. 

The obvious disadvantages of this type of pro- 
tection are the high initial capital cost, the main- 
tenance cost and the operating hazard of maintaining 
pilot wires between the terminals of the high voltage 
line. A further disadvantage of this type of protec- 
tion is that it usually does not provide inherent back 
up protection for faults beyond its own terminals 
and such protection must be supplied in the form of 
additional relays. All of these features tend to 
make an installation of pilot wire relays expensive as 
compared with distance relays, or in general with any 
other types of protection involving only terminal 
equipment, with the possible exception of the carrier 
current scheme. 

Some of the more recent schemes of pilot wire 
protection have innovations which from an engi- 
neering standpoint render them inherently superior 
in their general protective features and economics 
as compared with the older types of this scheme of 
protection. Some of these schemes were described 
in “Relay Systems Utilizing Communication Facili- 
ties,’ by J. H. Neher, published in ELecrricar 
ENGINEERING for March 1933, p. 162-8. Such 
schemes are in effect merely means for comparing 
relay interpretations at the 2 ends of a line by utiliz- 
ing the pilot wires for d-c circuits only and for simul- 
taneously tripping the 2 terminal circuit breakers. 
In another arrangement, sometimes called ‘‘trans- 
ferred tripping,” the pilot wires are used to permit a 
standard relay scheme at either end of the line to trip 
the other end as well, thus completely disconnecting 
the line with a relay time equal to that of the faster 
relay system at either end. In general such schemes 
are distinctly superior to the a-c pilot wire schemes 
which usually necessitate low resistance pilot circuits 
and some of which have large normal electrical losses 
and require special current. transformers. 

_These points are of particular significance if leased 
pilot circuits are to be employed since the use of the 
direct current prevents interference with adjacent 
communication circuits in the same cable. Only 
very small values of low frequency alternating cur- 
rent can be transmitted over circuits leased from the 
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a. 
| communication companies, and thus a-c pilot wire 
schemes usually require the installation of special 
_ pilot wire circuits. 
_ Another point of practical importance in con- 
_nection with the use of a-c and d-c pilot wire schemes 
is that of providing means of insulating the terminal 
relay equipment from the pilot wires. The latter 
may operate at, or be raised by ground fault currents 
to, a higher value of potential above ground than the 
terminal equipment and protection must be provided. 
In the case of the a-c scheme it can usually be accom- 
plished rather simply by using insulating transform- 
ers. But since this is impossible with the d-c 
scheme it is usually accomplished by the intro- 
duction of insulation between the terminal and line 
parts of certain relays. It is important that such 
insulation be provided and a circuit established for 
the relief of dangerous overpotentials. The neces- 
sity for such provisions are among the disadvantages 
of this scheme of protection. Other disadvantages 
are maintenance hazards, sometimes aggravated 
by the maintenance personnel if leased circuits are 
employed; and the general difficulty of checking 
such schemes for service, particularly the older types. 
It is obvious that the scheme of pilot wire relaying 
can be designed to meet all the requirements of inter- 
connection relays as regards their performance under 
conditions of system surging. The scheme will 
inherently pass through blocks of power and remain 
inoperative, but if a severe out-of-step condition 
arises so that an electrical neutral is established 
between the terminals of the line, the pilot wire 
scheme may be designed to function as on a line 
fault. Some schemes of this type require the addi- 
tion of back up or out-of-step relays to accomplish this. 
The use of pilot wire relay protection on long open 
wire interconnection lines is very uncommon for 
obvious reasons. For short lines it may not be un- 
duly expensive. For longer lines, even where the 
use of leased pilot circuits helps reduce the invest- 
ment, the total cost is usually prohibitive unless the 
engineering features can be very highly capitalized. 
It is, however, very pertinent to note that this is the 
only scheme available today which meets all the 
requirements of the ideal system of interconnection 
relaying as defined in this article. 


CARRIER CURRENT PILOT RELAYING 


While not yet in broad use the scheme of using the 
high voltage line as a pilot for high frequency carrier 
relay currents has proved satisfactory on test and in 
limited service, and is a type of protection which un- 
questionably offers an extensive field for future de- 
velopment. At the present time, however, the 
necessity of using expensive high voltage terminal 
equipment in the form of wave-traps, coupling ca- 
pacitors, highly insulated control wiring, vacuum 
tube control devices and special generators for the 
tube circuits, all tend to make the scheme unde- 
sirable for general use. However, this scheme has 
nearly all of the inherent advantages mentioned for 
pilot wire relaying and on lines of considerable 
length would be certain to prove more economical. 
It eliminates some of the disadvantages of pilot wire 
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relaying, principally the necessity for the pilot wires 
themselves and their attendant maintenance diffi- 
culties, and in its latest form has all of the primary 
features of pilot wire relaying. 

Strictly speaking, this scheme does not come in the 
class of high speed relaying as previously defined; 
that is, a scheme which energizes the trip coils of the 
circuit breakers on both ends of the line in a time of 
2 cycles or less after the initiation of the fault. 
However, effectively it accomplishes almost as rapid 
total disconnection of the fault from the system, 
for all possible fault locations, as the pilot wire 
scheme, and averages faster than the distance relay 
scheme. The carrier current pilot relay scheme 
requires a time of 4 to 6 cycles for both circuit breaker 
trip coils to be energized after the start of the fault 
condition regardiess of fault location. As pre- 
viously noted, in the most preferred form of pilot 
wire relaying this time is of the order of 1 or 2 cycles. 
We have seen that the operating time of distance 
relay protection varies from 1 to 20 cycles depending 
upon the location of the fault, and may be said to 
average 6.7 cycles for all possible fault locations. 
It therefore seems fair to classify the carrier current 
pilot relaying scheme as high speed relaying as a 
matter of practical application, although actually 
its time of operation is high by 2 or 3 cycles. The 
manufacturers claim that the overall operating time | 
of 4 cycles of this scheme can be reduced. 

The engineering advantages of this scheme of re- 
laying as used on interconnection lines are practically 
the same as those previously enumerated for pilot 
wire relaying. 

The amount of special equipment at present used 
with this scheme is the principal disadvantage but 
its elimination is not an insurmountable engineering 
problem. The use of vacuum tubes for protective 
relaying may be questioned by the operating engi- 
neer, but one should not fail to recall the extensive 
use of tubes of this nature in devices much more 
complicated and operated by laymen. The use of 
monitoring devices with the tubes renders such an 
objection practically obsolete. Since the main 
objection to this scheme of protection is its cost it 
seems very probable that future developments will 
be in favor of the extension of this type of protective 
relaying. 


BALANCED RELAYING OF PARALLEL LINES 


Where parallel circuits are used for interconnec- 
tion lines it is common practice to apply balanced 
relaying in some form because of its engineering 
advantages, its general simplicity, and its low cost; 
also the fact that it can be applied to ground protec- 
tion as well as to phase protection. However, one 
should not overlook the fact that single line relaying 
must be provided also if high speed relaying is de- 
sired under all conditions of operation, that is, with 
either 1 or 2 lines in service. Hence the complete 
solution may be the initial choice of one of the above 
described schemes rather than the choice of the 
balanced scheme for the one operating condition 
only, the distance relay being preferred for cost 
reasons if stability conditions permit. 
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Figs. 1 and 2. Schematic diagrams of parallel line 
protection 


Fig. 1. Duo-directional 
overcurrent relays for 
balanced protection and 
directional distance re- 
lays for back up and 
single line protection. 
Trip circuit of duo- 
directional overcurrent 
relays interrupted when 
either line oil circuit 
breaker is open. Poten- 
tial and trip connections 
omitted 


Fig. 29. Directional 
overcurrent relays for 
balanced ground protec- 
tion and directional dis- 
tance relays for short 
circuit protection. Trip 
circuit of balanced 
ground = relays _inter- 
rupted when either line 
oil circuit breaker is 
open. Potential and 
trip circuits of distance 
relays omitted 


There is, however, one very important engineering 
advantage to be noted in the use of balanced relaying 
as compared with distance relaying of parallel inter- 
connection lines. This is the instantaneous sequen- 
tial operation of the relays on the 2 ends of a line 
protected by balanced relays, as compared with the 
instantaneous and first time zone operation of dis- 
tance relays for all faults occurring in the end zones 
of such a paired line. The so-called end zone is the 
15 per cent of the line beyond the balance point of 
the instantaneous element of the distance relay. 
As previously described, when distance relays are 
used such faults lie within the instantaneous zone 
of the distance relays on the near end of the line, 
but require the first time element to operate to 
clear the far end. Hence the maximum total clear- 
ing time on the entire system is that of the time set- 
ting of the first time element of one relay, plus an 
instantaneous relay operation on the other relay 
plus the operating times of 2 circuit breakers. The 
minimum time would be that of the first time zone 
setting plus its circuit breaker and assumes simul- 
taneous operation of the relays at both ends. But 
with the balanced relay system the total time in- 
volved for this location of faults is that of one in- 
stantaneous relay plus one circuit breaker on one 
end, plus one instantaneous relay and its circuit 
breaker on the other end. This is of course due to 
the fact that after the first end has cleared, all of 
the short circuit current is available to unbalance 
the instantaneous balanced relays at the second end. 
Hence for all possible locations of faults on one of a 
pair of parallel lines it may be shown that with 
either balanced or distance relays approximately 
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Fig. 3. Automatic oscillograph record of a 3-phase 
fault on a 220-kv open wire line 


70 per cent of all faults will be cleared by the instan- 
taneous simultaneous operation of the relays on both 
ends; but with distance relays the remaining 30 
per cent of faults will always require the operation 
of one time element relay and may require the se- 
quential operation of one instantaneous relay plus one 
time element relay; whereas the balanced relay 
scheme will clear the remaining 30 per cent of faults 
in 2 sequential instantaneous relay operations. 
To all of these relay time values, of course, must be © 
added the clearing times of the circuit breakers. 
In Table I is shown the comparative operating 
times of the various schemes. 

It is, therefore, obvious that the balanced system 
of relaying has distinct advantages where it can be 
applied, as compared with distance relaying. It 
does, however, have certain practical disadvantages 
such as the cross connections between current trans- 
formers in some cases; the necessity for inter- 
locking the relays with the circuit breakers at the 
ends of the lines to prevent the tripping of the 
good line while the faulted line is clearing the second 
end; and the hazard of tripping a loaded line while 
switching in the other line of the pair. All of these 
complications favor the use of the simpler scheme 
of the distance relays. A scheme to combine the 
advantages of both and to eliminate some of the dis- 
advantages of each of these schemes is the use of 
balanced relays for 2-line operation and distance 
relays for single line operation. (See Fig. 1.) © 
A still simpler scheme is the use of distance relays 
for short circuit protection and balanced relays 
for ground protection. (See Fig. 2.) The latter 
is used on several 220-kv interconnection lines in 
this country and has been very satisfactory in opera- 
tion. 

The use of balanced relaying for short circuit pro- 
tection is a very simple and effective solution to the 
problem of the non-operation of interconnection 
relays during surging between systems. However, 
to effect disconnection during out-of-step conditions 
requires the application of other relays. 


STABILITY CONSIDERATIONS 


It is pertinent to consider which of these various 
schemes of short circuit relay protection can be 
expected to maintain stability of the interconnected 
power systems under fault conditions. This ques- 
tion cannot be answered in a general way because 
each interconnection has individual characteristics. 
There are interconnections now in operation which 
by calculation cannot maintain stability if a 3-phase 
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short circuit exists longer than 3 or 4 cycles. Ob- 
viously no protective scheme can accomplish this 
today when the fastest high voltage circuit breakers 
available operate in a minimum time of 6 to 8 cycles. 
But if it is assumed that the fastest relaying scheme 
available will be satisfactory in this respect, then the 
comparative abilities of the schemes may be dis- 
cussed. 

As shown in Table I the fastest of the schemes 
considered operates to clear both ends of the line in 
a time of 9 cycles and is accomplished by pilot wire 
relaying. The carrier current scheme of trans- 
ferred tripping approaches the next closest with a 
uniform operating time of 10 cycles. The minimum 
operating times of 2 other schemes are only 9 cycles 
but their maximum times are considerably higher. 
Thus both the balanced relay scheme and the dis- 
tance relay scheme would maintain stability, under 
the assumed conditions, for 70 per cent of all faults. 
But in the remaining 30 per cent of cases the clearing 
time of 18 cycles of the balanced relay scheme might 
readily cause instability; and the time of 28 cycles 
of the distance relay scheme would probably be pro- 
hibitive in the majority of installations under 3-phase 
fault conditions. This legitimately raises the ques- 
tion whether the operating time of 12 cycles of the 
carrier current pilot relay scheme should be con- 
ceded as satisfactory. There will unquestionably 
be cases and conditions where this scheme will not 
operate fast enough to maintain stability but in the 
majority of installations it is believed that it will. 
This discussion also raises the question of using the 
values of average clearing times as a proper measure 
of the comparative stabilities to be effected by 2 
protective schemes. It can be shown by calculation 
that an interconnection which might under certain 
conditions be stable when a fault was cleared in 12 
cycles, would be certain to become unstable if the 
time were extended to 28 cycles. It follows that 
maximum and not average clearing times should be 
used for such comparisons. 

Frequently an interconnection which cannot be 
maintained stable during 3-phase short circuits will 
maintain stability readily during 2-phase, or 1-phase 
to ground, fault conditions. This may enable the 
most economical short circuit protective scheme 


to be applied if the limitations are acceptable. 
Some cases are on record where short circuit protec- 
tion has been entirely omitted and only ground 
relaying provided. Obviously this should not be 
considered in lightning territory. 


GROUND RELAY PROTECTION 


The matter of the ground relay protection of high 
voltage open wire interconnection circuits is one 
which may present a difficult engineering problem. 
Furthermore, it is a most vital one since a very high 
percentage of all faults on such lines are single-phase 
to ground. In 3 years of operation on the Pennsyl- 
vania-New Jersey interconnection, a total of 82 faults 
occurred. Of these 73 or 89 per cent were single- 
phase to ground faults, 4 or 4.9 per cent were 2- 
phase to ground faults and 5 or 6.1 per cent were 
3-phase faults. This number of 3-phase faults shows 
clearly the necessity for short circuit relay protec- 
tion on open wire lines in lightning territory. The 
oscillogram in Fig. 3 shows that ground relays had 
no opportunity whatever to function on one such 
fault on these lines. 

When the pilot wire or the carrier current relay 
scheme is used, the problem of ground protection is 
not always present since these relays may be set 
to operate for both types of faults unless extremely 
high values of neutral impedance are used which has 
not been done in this country to date on lines at the 
operating voltages considered in this article. With 
any of the ordinary types of balanced relaying 
schemes, or any type of distance relaying, a separate 
relaying scheme for ground faults is mandatory even 
on solidly grounded systems. This problem has 
never been satisfactorily solved by a universal 
scheme other than the use of pilot wire relaying or its 
equivalent. The use of time element directional 
ground relays may offer a solution but this is usually 
not the case with high voltage interconnections as 
instability may easily be caused by the delayed 
clearing of a ground fault, although a certain amount 
of time is usually permissible, the amount varying 
with the individual case. 

A method which has been used with a very 
acceptable degree of satisfaction is that of a quanti- 


Table I—Comparative Operating Times of Various Relaying Schemes Arranged in Order of Maximum Clearing Times 
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Note: All times are given in cycles. 
a. This allows one cycle for line relay plus one cycle for transferred tripping relay. 
b. Equals time of relay and breaker at near end plus relay at far end. 
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d. Equals 1 + 8 + 20 + 8 = 37 cycles possible maximum time for sequential operation of distance relays on parallel lines. 
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tative measuring scheme which uses either the first 
or second powers of the zero phase sequence current 
of the line to determine the location of ground faults. 
Simple overcurrent relays are used which may be 
set to operate instantaneously for certain locations 
of faults, but their zone of safe selective operation is 
necessarily limited because of the variations in the 
magnitudes of ground fault currents under various 
system set-ups. Hence if the scheme can be set to 
operate instantaneously to disconnect the line for 
ground faults over 75 per cent of its length from 
each end it is about all that can be reasonably ex- 
pected on the average under all conditions of opera- 
tion. This means, of course, that only 50 per cent 
of all such faults will be cleared simultaneously and 
instantaneously at both ends which is rather un- 
satisfactory when overall system protection is con- 
sidered. The remaining sections of the line must 
therefore be protected by time element directional 
relays and again the prohibitive time feature is intro- 
duced. A redeeming feature to the scheme, however, 
is that a high percentage of faults outside the 50 
per cent zone will cause sequential operation of the 
instantaneous ground relays on the 2 ends of the 
line due to the resulting increase in current after 
the first circuit breaker has opened. This may oc- 
cur in an additional 40 to 50 per cent of possible 
fault locations, thus giving fairly rapid operation in 
about 90 or more per cent of all cases. On one in- 
stallation where this scheme is used, calculations 
show that 50 per cent of all faults will cause simul- 
taneous operation of the instantaneous ground 
relays, and sequential operation of the same relays 
in the remaining 50 per cent of cases. The scheme 
also has the practical advantage that its very rapid 
operation for close faults usually permits stability 
to be maintained on the near system, and the re- 
duced power from the far system frequently permits 
that end to be cleared with a time delay without 
resulting in a serious disturbance. 

The use of distance relays for ground protection 
is recommended by the manufacturers and they 
have been installed to a limited extent in practice. 
Special current or voltage connections are recom- 
mended for such applications and an additional set 
of relays to those used for phase to phase protection 
is usually required. An alternative is to use one set 
of distance relays but to employ an auxiliary fault 
detector relay to change voltage connections when 
single-phase to ground faults occur. Reactance 
type distance relays would seem to lend themselves 
particularly to this scheme because of the possi- 
bility of varying degrees of fault resistance. 

Experience with such applications seems to indi- 
cate that the complex and variable conditions pres- 
ent at the fault offer a wide range of quantities to 
the relays. This frequently results in a shifting of 
the balance point and changing of the power factor 
of the total fault circuit thus causing erratic opera- 
tions of the relays for similar fault locations. Faults 
in the time element zones of the distance relays 
particularly offer problems due to changes in the 
fault characteristics with time. In general it can- 
not be said that the operation of distance relays for 
ground faults has been very satisfactory to date. 
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CONCLUSIONS 


The conclusions which may be drawn are as fol- 
lows: 


1. There is no standard relay scheme available today which meets 
all the requirements of the ideal scheme which can be universally and 
economically applied to the protection of open wire high voltage 
interconnection lines. 


2. The pilot wire scheme is the only one which meets all of the 
engineering requirements of the ideal scheme. Recent schemes of 
this general type using direct current on the pilot wires have con- 
siderably improved these features and lowered the cost of this type 
of protection. The outstanding engineering disdavantage of this 
scheme is the hazard of the exposure of the pilot wires themselves. 
However, it is the most costly of the schemes considered and is there- 
fore usually ruled out of consideration except on applications where 
no other scheme is possible, or where its engineering advantages may 
be very highly capitalized. Its future possibilities would seem to be 
limited. 


3. The carrier current pilot relaying scheme, as at present de- 
veloped, has nearly all of the engineering advantages of the pilot 
wire scheme and requires only terminal equipment. It has elimi- 
nated the outstanding disadvantage of the pilot wire scheme quoted 
above and while it cannot strictly be classed as a high speed scheme, 
for all practical purposes it may be so accepted. Its present out- 
standing disadvantage is its high cost. Its future possibilities seem 


very promising. 


4. The distance relay scheme is a practical compromise which is 
usually justified because of the present adverse economics of the 
above schemes. Its outstanding advantages are simplicity and low 
cost. Its outstanding engineering disadvantages are that its total 
time of operation cannot be classified as high speed relaying in the 
usual application; and its operation for ground protection is not 
entirely satisfactory. Its future applications will probably be 
numerous by virtue of its comparatively low cost but further de- 
velopments are needed to perfect this scheme, particularly for ground 
protection. 


5. The general scheme of balanced line relaying, where possible of 
application, approaches closer to the pilot wire scheme than any other 
scheme which employs only terminal equipment. The necessity for 
single line protection modifies these advantages. Also separate 
ground relays are required. It can be readily combined with other 
types of relaying and its economics are very favorable. Its future 
applications will probably be numerous on parallel lines. 


6. If the economic as well as the engineering requirements of an 
ideal scheme are to be considered it is evident that the following 
would apply: (a) The relay scheme shall require the installation of 
terminal equipment only; (b) The relay scheme shall compare in 
cost with an installation of modern directional overcurrent or 
directional distance relays. 


A SUGGESTED SCHEME 


A perspective view of the schemes reviewed shows 
that any 1 of 3 schemes would meet all the ideal 
requirements both engineering and economic, if at 
least one main objection could be eliminated from 
each scheme. The pilot wire scheme is too expensive; 
the distance relay scheme is too slow; and the car- 
rier current pilot relay scheme is both costly and 
somewhat slow. It therefore would appear that a 
theoretical solution would be to combine the de- 
sirable features of several schemes and to omit the 
undesirable features of all. This would seem to be 
accomplished by using the distance relay for speed 
and low cost, and extending the zone of operation of 
its instantaneous element by using carrier current 
for transferred simultaneous tripping of both termi- 
nal circuit breakers. 

Therefore, neglecting cost, it is suggested that one 
theoretical solution of the problem would be the use 
of a distance relay scheme for short circuit protec- 
tion, plus an instantaneous directional overcurrent 
relay scheme for ground protection, plus a carrier 
current relay scheme for simultaneously tripping 
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the 2 terminal circuit breakers by the operation of 
any terminal relay. Such relays could be set to 
operate instantaneously for faults up to 60 per cent 
of the length of the line and thus all faults would 
cause at least one set of relays to operate instan- 
taneously. The scheme of simultaneous tripping 
would thus cause all faults to be instantaneously 
and simultaneously disconnected. 

It is recognized that the scheme of transferred 
tripping by carrier current is not yet commercially 
available. 


Electrical Testing of 
Rubber Covered Wire 


An improved method for providing elec- 
trical breakdown tests of rubber covered 
wire has been developed which for tele- 
phone wire presents many advantages. 
The previously used water test has been re- 
placed by a dry test, and one machine 
combines the testing and coiling opera- 
tions. Details of the method are pre- 
sented in this article. 


By 
C. W. PROTZMAN 


NON-MEMBER 


W. M. HILL 


ASSOCIATE A.I.E.E. 


Both of Western Elec 
Co., Inc., Baltimore, Md. 


Dern of a machine for 
the combined testing and coiling of telephone wire 
has resulted in a decided reduction in cost without 
impairment of the product. With this method 
there has been a reduction in equipment, in floor 
space, and in scrap losses, and process storage has 
been eliminated. The testing equipment is of the 
dry type, the standard water test not being used. 

So far as telephone wires are concerned, insulation 
defects may show up in either of 2 forms: 
1. Asacomplete breakdown. 
2. Asa low insulation resistance. 
The testing equipment described in this article does 
Essentially full text of “Electrical Testing in a New Rubber Covered Wire 


Plant’’ (No. 32-120) presented at the A.1.E.E. Middle Eastern District meet- 
ing, Baltimore, Md., Oct. 10-13, 1932. 
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not apply a direct check on the insulation resistance 
of the compound, but functions primarily to break 
down any weak spots in the insulation, and for the 
purpose of testing telephone wires has been found 
equal to the standard water test. 

Investigations were undertaken several years ago 
to establish improved methods of manufacture of 
rubber covered wire for telephone plant. A new 
and faster method was developed which combined 
in one continuous operation the rubber insulating 
and vulcanizing processes. ‘Straight line’ produc- 
tion methods became possible, with the elimination of 
process stocks and storage; the advantages, how- 
ever, were reduced by the fact that the standard 
water test applied to the finished wire required 
separate testing and coiling. These latter opera- 
tions therefore appear to offer a fertile field for im- 
provement. 


WATER TEST PREVIOUSLY USED 


The usual method for testing telephone wires had 
been to apply the water test after the weather- 
proofing process. The water test requires the im- 
mersion of the wire to be tested in a water bath for a 
minimum period of 12 hr before the test is applied. 
This insures that the entire surface of the insulation 
is in contact with a conducting medium, and also 
that the water will have penetrated to the point in 
the insulation which would be most subject to break- 
down or failure in service. 

At the end of the immersion period an a-c break- 
down voltage is applied for a period of seconds, and 
following this a d-c insulation resistance test is ap- 
plied. The first of these locates any points in the 
insulation which are sufficiently weak to cause break- 
down in service, while the second determines whether 
the resistance of the insulation is sufficiently high to 
prevent leakage of current that would impair ef- 
ficiency in service. 

In addition to requiring separate testing and coil- 
ing or reeling operations, and preventing a con- 
tinuous flow of material by the necessary delay of 


Fig. 1. 


Spark testing electrode, stop counter, 
combined wire distributor, and fault locater 
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storing tested wire during drying, the water test 
requires a relatively large area for equipment and 
necessitates a large process stock of unfinished wire. 


Typr oF EQUIPMENT ADOPTED 


Before starting the development of a new testing 
process, the field of commercial testing equipment 
was carefully surveyed to determine whether any 
existing system could be adopted to meet the re- 
quirements of giving an adequate test. and at the 
same time permit straight line production methods 
to be used. It was found that equipment being 
introduced in several manufacturers’ plants to locate 
and patch defects at the depanning operations could 
be modified and developed to fit the need of a plant 
manufacturing telephone wire. 

The equipment as first adopted for testing tele- 
phone wire was of the dry or direct testing type 
which impresses a high a-c voltage upon the outside 
of an insulated wire whose conductor is grounded. 
The voltage is impressed upon an electrode approxi- 
mately 5 ft in length through which the wire passes 
before being coiled. A weak spot in the insulation 
therefore results in the formation of an arc from the 
electrode to the grounded conductor causing a surge 
and the actuation of control apparatus in the low 
voltage circuit to stop the passage of the wire and 
operate audible and visual signals. The overrun of 
the wire due to the inertia of the supply reel as the 
solenoid brake is applied carries the defect beyond 
the electrode to a point where it may be accurately 
located by means of a hand electrode moved along 
the wire by the operator. 

The high a-c voltage is obtained by means of a 
specially designed transformer of relatively low 
power; a condenser in the high voltage circuit 
raises the commercial 60-cycle frequency to one of 
several hundred cycles when this circuit is suddenly 
closed. 


VOLTAGES FOR TESTING 


The testing transformer of this unit was supplied 
with secondary voltage taps ranging up to 15,000 
volts, and after preliminary trials at various voltages 
it was determined that the critical voltage for No. 17 
bronze parallel drop wire, upon which the tests were 
being conducted, was between 5,000 and 10,000 volts. 
No. 17 bronze parallel drop wire consists of 2 in- 
sulated No. 17 gage bronze conductors laid in parallel 
under a single braid of cotton which is impregnated 
with a standard saturating and a finishing com- 
pound. The water test requirements for this wire 
are as follows: 


PERO ROOWIL LO. Suis oe Gh. 

Insulation resistance (with specified 
megohms at specified tempera- 
HBL SED ae gg a 


1,000 voits a-c 


500 volts d-c 


Tests were, therefore, conducted on the spark 
tester at the 3 available voltages, namely, 5,000, 
7,500, and 10,000 volts. Simultaneously a portion 
of each day’s run of wire was water tested. This 
insured that the product submitted for each type of 
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Fig. 2. Relationship of testing and coiling units 


test was similar and that the number of defects 
located by each method would be most nearly com- 
parable. A length of 100,000 ft was arbitrarily 
set to serve as a basic unit for comparing the relative 
defects of wire tested by each method. 

Data gathered in these tests indicated that the 
7,500-volt tap produced results most nearly compar- 
able to the water test for No. 17 bronze parallel 
wire, but in order to determine more closely the 
proper voltage another unit was provided with 
transformer steps of 1,000 volts, and further tests 
conducted at 6,000, 7,000, and 8,000 volts, as well as 
confirmatory checks at 5,000 and 10,000 volts. 

The second set of data, based in each case on results 
from 1,000,000 pair ft of wire or more, indicated 
that a 7,000-volt spark test located approximately 
the same number of defects per 100,000 ft of wire 
as the specified water test, and that a water retest 
of this spark test resulted in the failure of only 1.65 
per cent of the product. This was comparable to a 
failure of 2.75 per cent of originally water tested 
wire when subjected to a similar retest, and 7,000 
volts was therefore established as the proper spark 
testing voltage. On this basis the spark test was 
adopted as standard for the testing of No. 17 bronze 
parallel drop wire. 

It should be noted that the water test was neces- 
sary in establishing the proper spark test voltage to 
insure equally satisfactory insulation resistance 
and this test will continue to serve in establishing 
values for any particular type of insulation. 


FINAL EQUIPMENT DEVELOPED 


The adoption of the spark test greatly simplified 
plans for the layout of a new plant, but due to special 
features required for testing telephone wire, a num- 
ber of changes were incorporated to improve the 
efficiency of operation and to increase the unit out- 
put, as well as to further reduce the floor space re- 
quired. Descriptions of some of the changes which 
were made follow. 

A new electrode was developed incorporating a 
perforated lower plate or grid, and a pendant chain 
arrangement. The wire rides in a groove in this 
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grid and the chain conforms to the upper half of the 
wire, and being free in vertical movement remains 
in contact with the wire throughout the entire length 
of the electrode. The lower slotted member permits 
_ loose wax to fall through to a hopper at the bottom 
of the electrode, the hopper being emptied periodi- 
cally. This self-cleaning feature insures the correct 
test voltage being impressed on the wire at all times 
with a minimum voltage drop due to the collection of 
wax on the grid. 

The electrode was split in half and 2 equal lengths 
were mounted one above the other with sheaves for 
reversing the wire, thus reducing the floor area re- 
quired by approximately one-half. The electric 
stop counter was placed directly beneath the elec- 
trode thus further. reducing the amount of space 
necessary. (See Fig. 1.) 

A fault locator built integral with the wire dis- 
tributor at the coiling head was added in place 
of the hand locator. The new locator is completely 
guarded to prevent any possibility of shock te the 
operator. The present arrangement whereby a 
system of sheaves permits the placing of the supply 
stand against the electrode unit, and the electrode 
unit close to the coiling head, also is shown in Fig. 1. 

In order to produce a maximum of tested wire per 
unit, it was decided that a double coiling head ar- 
rangement should be provided so that the operator 
could tie one coil while another was being tested and 
wound. The arrangement of 2 heads at either end 
of an arm which is capable of rotation in a vertical 
plane, and on which the coiling head in the operating 
position could be positively engaged with the take-up 
driving mechanism was finally decided upon. (Figs. 
2 and 3 show this mechanism.) Thus the machine 
automatically coils, measures, and tests wire con- 
tinuously, save for the short interval required for the 
operator to rotate the heads and connect the wire 
to the ground clamp on the coiling head for the next 
coil. 

A control system comprising an arrangement of 
starting and stopping switches and foot control 
buttons for releasing the solenoid brakes on supply 
and take-up mechanisms has been adopted to reduce 


Fig. 3. Two-head coiling arrangement 
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to a minimum any lost motion on the part of the 
operator. 

To provide a foolproof mechanism which would 
insure that every coil completed was properly tested, 
the testing circuit and take-up drive mechanism have 
been electrically interlocked so that it is impossible 
to rotate the coiling head either by the take-up drive 
mechanism or by hand, without placing the test 
voltage on the electrode and fault locator. This is of 
vital importance in providing a satisfactory test. 

In order that the operator may be protected from 
electrical or mechanical injury, the entire unit has 
been carefully guarded. 

The take-up drive is made inoperative unless the 
guard over the coiling head is closed; the fault 
locator is placed in a phenol fiber case which pre- 
vents the operator receiving accidental shocks; 
the electrode is surrounded by a grounded metal 
guard, and moving members of the drive, as well as 
solenoid brakes, are properly guarded. 


Economic FACTORS 


The elimination of water testing resulted in several 
major economies. A saving on the original invest- 
ment was effected which represented a reduction of 
over 60 per cent in the cost of the testing and coiling 
equipment. A considerable saving also was effected 
by the reduction in floor space for testing equipment 
and also in the elimination of process storage space. 

A further saving has been effected through the 
reduction of scrap losses. Under the old test method 
it was necessary to first coil the wire into 1,000 ft 
lengths and then water test it, after which the de- 
fective coils had to be removed from the water, dried 
and recoiled to locate the defect. This resulted in 
the scrapping of a portion of a large percentage of 
these coils in which the defect occurred near the 
end, making the short end too short to meet the 
minimum length requirement of 200 ft. It also 
i1ecessitated a second operation which was in itself 
wasteful as it required special recoiling and testing 
units. With the new or spark test method the 
number of short coils which had to be scrapped was 
greatly reduced, because when a defect occurred it 
was necessary to cut out only the short section in 
which the defect occurred and start a new coil. The 
number of cases where a defect occurred within 
200 ft of the start of a coil was measurably fewer, 
since no predetermined length had to be maintained. 


FURTHER APPLICATIONS 


After successfully applying this test to parallel 
drop wire, we conducted similar tests on twisted, 
rubber-insulated, and braided wire. The wire in this 
case was No. 14 hard copper drop wire, which has a 
50 per cent heavier insulation than No. 17 bronze 
parallel drop wire, and is comparable in size to No. 
14 code wire. Data were gathered as before, and a 
satisfactory test voltage established which resulted 
in the adoption of the spark test for this wire. The 
voltage was, of course, higher than for the smaller 
wire, and the success of this experiment indicated 
the feasibility of spark testing either parallel or 
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twisted wires of various sizes. It is apparent from 
the present stage of development of this method of 
testing that further adaptations are possible which 
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may result in more extensive applications to rubber 
covered wires throughout the entire wire industry, 
with commensurate reductions in manufacturing cost. 


Of Papers to Be Presented al the Summer Convenor 


See RELL abstracts of all papers definitely 
scheduled for presentation at the A.I.E.E. sum- 
mer convention (June 26-30, 1933) are published 
herewith, excepting only those papers published in 
this issue of ELECTRICAL ENGINEERING. 

Members vitally interested and wishing to obtain 
a pamphlet copy of any paper available in that form 
may do so by writing to the A.I.E.E. order depart- 
ment, 33 West 39th Street, New York, N. Y., stating 
title, author, and publication number of each paper 
desired. In response to popular demand and within 
its space limitations ELECTRICAL ENGINEERING sub- 
sequently may publish certain of these papers, or 
technical articles based upon them. 


Testing of 
High Speed Distance Relays 


By 
E. E. George! 


Hicu speed distance relays are rapidly establishing a 
new conception of system protection and are bringing to the front a 
different technique in relay testing. The inherent speed of distance 
relays makes it difficult to test them by watching indicating meters 
and relay motions during operation. Recent improvements in port- 
able oscillographs have increased the utility of such equipment for 
tests of distance relays and to a lesser extent for tests on the older 
types of relays. 

Most distance relays of recent manufacture depend altogether or 
largely upon reactance as a measure of distance. This quantity 
cannot be read directly with indicating meters but is a complex func- 
tion of current, voltage, and phase angle. The requirements of 
accurate connections of the relays, both internal and external, are 
much more exacting than in the case of the older types of relays, and 
testing of connections is accordingly of major importance. 

In making low voltage tests of distance relays it is difficult to du- 
plicate the actual operating conditions. Instead it is customary to 
test the various component parts of the relays separately and to con- 
clude this analytical test with 2 or 3 overali checks from which the 
actual operating performance can be deduced. The separate relay 
elements may be tested under steady state conditions (curves of start- 
ing unit pick-up, ohm unit position-reactance curves, etc.) but for an 
overall check with the relay in motion, it is well to apply the prin- 
ciple of leeway or ‘‘safe margin.” Of course the time of operation of 
stepped characteristic relays is indeterminate at the balance points. 
Operating times may be read at points which are nearer to the relay 
balance points than those at which the relays are set to discriminate. 
The minimum operating time may be read at lower values of current 
and more unfavorable phase angles than those expected during ac- 
tual operation. By a knowledge of the limitations of various relays, 
the relay engineer may eliminate many possible causes of subsequent 
relay operations of a questionable nature. 
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With the older types such as plain overcurrent relays it is possible 
to obtain a test which is partly equivalent to an actual system short 
circuit in 2 steps by reading the relay current under load conditions 
(relay connection check) and by later passing test current through 
the relays equivalent to the calculated short-circuit current and read- 
ing the operating time of the relays. In the case of distance relays a 
very complicated set-up of several steps of low voltage tests is re- 
quired for the synthetic duplication of a very simple short-circuit 
test. Testing by means of staged short circuits is therefore almost 
indispensable as an overall installation check of all factors involved, 
including the constants of the transmission line protected. Where 
conditions are not exceptionally unfavorable, short-circuit tests 
usually replace a considerable portion of the low voltage testing which 
would otherwise be required. Another factor which is increasing the 
use of short-circuit tests of distance relays is that it is not necessary 
to make the tests with the normal system connections. Since dis- 
tance relays are practically independent of generating conditions, the 
tests may be made with short-circuit current considerably below the 
normal value and the resulting shock to customers and the system 
thereby reduced to a minimum. In cases where loads are tapped 
from or supplied from the end of the circuit to be tested, it has been 
found quite advantageous to use arcing short circuits with instanta- 
neous reclosing in order to minimize the disturbance to such loads. 
(A.LE.E. paper No. 33-79) 


Relaying of High Voltage Inter- 
B 
connection Transmission Lines H 


H., P. Sleeper? 


(See p. 402-09 this issue.) 


Arc Extinction Phenomena in High Voltage 
Circuit Breakers Studied With By 


RC Vansietles 
a Cathode Ray Oscillograph —w.. Berkey? 


A MEDIUM-speed cathode-ray oscillograph with a ro- 
tating film has been built for the study of circuit breaker transients. 
The film is wrapped around a drum and rotated in the vacuum at 
high speed. Each film shows in a continuous trace, a complete 
story of the formation of arc, subsequent reignitions and final ex- 
tinction. More than 15 complete cycles may be recorded without 
excessive blurring. Each film is self-calibrated. 

It is the purpose of this paper to describe this instrument used in a 
study of circuit breaker arc transients around current zero, and to 
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discuss the results obtained as applied to circuit breakers. 


These 
results may be summarized in the following statements: 


1. Arc extinction depends upon the deionization which takes place both before 
and after the current zero. 


2. The effective resistance of the arc space increases in a curve which is a func- 
tion of the rate of deionization. 


3. The effective resistance may become several thousand ohms several micro- 
seconds before or after the zero of voltage. 


4. The rate of rise of recovery voltage is a function not only of the circuit but 
also of the circuit breaker. 


5. The specifying of certain rates or rise of recovery voltage for circuit breaker 
testing is not advisable at the present time. 

The subject has not been exhausted and it is believed that the 
continuation of the work will lead to a better understanding of the 


effect of circuit characteristics on circuit breaker operation. (A.I.E.E. 
paper No. 33-80) 


Interrupting Capacity By 


R. M. Spurck4 


Tests on Circuit Breakers W. F. Skeats® 


bueROVEMENTS in circuit breakers have been accel- 
erated by the availability of short-circuit testing laboratories. Some 
of these laboratories are of sufficient capacity to test circuit breakers 
of reasonably high interrupting ratings at their full rated current and 
voltage. No laboratory, however, has sufficient capacity to make 
such tests on the largest circuit breakers now used. It has therefore 
been necessary to study the fundamentals of circuit interruption 
within the limits of laboratory equipment. Also, much study has 
been given to the determination of the differences between field 
service and testing conditions. 

These investigations have brought to light many factors that enter 
into the results and require the weighing of their importance. 
Among such items are testing technique, characteristics of equip- 
ment, circuit connections, power factor, recovery voltage rate, and 
many others. Some of them have been found to have an important 
bearing on interrupting duty whereas others may be varied widely 
within practical limits without changing the results. 

So much has been learned about these variables that their effect on 
interrupting duty can be accurately evaluated and Jaboratory tests 
related to field requirements. The combination of these findings 
with a better understanding of the circuit interrupting problem 
makes it possible to predict with confidence the performance of most 
modern circuit breakers at duties considerably beyond the actual 
short-circuit ability of the laboratory. (A.I.E.E. paper No. 33-63) 


A Compression Type Low 
Voltage Air Circuit Breaker 


By 
D. C. Prince4 


Tue totally enclosed fuses employed to protect low- 
voltage low-current distribution circuits perform their work so effec- 
tively and quietly that an analysis has been made to determine their 
principle of operation in order that this principle might be applied to 
a small circuit breaker. 

Are drop in general increases with increased pressure. The elec- 
trons carrying the current make more and more collisions at which 
energy and ionization are lost to the arc stream. Due to the more 
frequent collisions, a greater voltage drop per inch of arc length is 
required to bring electrons to the potential before collision, at which 
they can produce new ionization to make up the loss. In an en- 
closed space, the arc itself will cause the generation of high pressure. 
When, due to the pressure, arc drop rises to a point where the avail- 
able voltage can no longer maintain the current, the arc will be dis- 
tinguished. This principle has been applied to a new small circuit 
breaker for panelboard applications. 

By complete enclosure of the contacts, all noise and flame are 
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effectively prevented from escaping. The circuit breaker is equipped 
with a thermal overload trip and is also provided with quick make 
and quick break, overload tripping being entirely independent of the 
operating lever. 

The unit described has a continuous rating of 50 amp at 250 volts 
with an interrupting capacity rating of 5,000 amp. Larger sizes are 
being produced which will have continuous ratings as high as 600 
amp, 600 volts and interrupting ratings of 10,000 amp or more. 
(A.LE.E. paper No. 33-94) 


Present Practice on Installation and Performance 
of High Voltage Lightning Ar- An A.LE£. and 


NEELAM aes 
resters for 11-Kv and Above 


committee Report 


(See p. 394-400 this issue.) 


Compensating Metering 
By 


in Theory and Practice G. B. Schletchers 


OvursranviIn G economies can be effected by metering 
high voltage loads on the low voltage side of the power transformers. 
A compensating meter in combination with a watthour meter, both 
connected to instrument transformers on the low voltage side, pro- 
vides accuracy equal to, and in some cases better than, metering on 
the high voltage side. The method permits the use of low voltage 
current transformers of relatively greater thermal and mechanical 
limits and of improved accuracy, in comparison with high voltage 
current transformers of relatively smaller current ratings. 

In the compensating meter, a voltage-square-hour element and 
an ampere-square-hour element, together with means for calibrating 
each in accordance with core and copper losses of a transformer, are 
combined to give the loss registration in kilowatthours. The method 
gives absolute assurance that core losses are recorded accurately at 
times of no load, which is unusual with metering on the high voltage 
side of step-down transformers. In the combined “load-plus-loss”’ 
measurement the effect on accuracy of temperature changes on cop- 
per loss measurement and of voltage regulation on core loss measure- 
ment is no greater than differences which may occur between the 
registration of 2 identical commercial high voltage metering installa- 
tions connected to the same load. 

The method provides for a simple measurement of the loss incre- 
ment of the maximum demand, and also for correcting the results 
of power factor tests on the low voltage side to the high voltage side 
of the transformers. When continuous measurement of power fac- 
tor is required, a compensating meter may be calibrated for reactive 
kilovoltampere-hours. It is possible also to provide metering as of a 
remote point on the lines which supply the transformers, by combin- 
ing the line losses with the copper losses of the transformers. 

While the economies of the method are greatest for the higher volt- 
ages, in some cases economies have resulted even for relatively small 
customers’ installations supplied at 2,300Y/4,000A volts, with a 
utilization voltage of 230 volts. In general, these installations would 
have required 3-element outdoor metering on the high voltage side, 
while 2-element indoor metering could be installed in existing struc- 
tures on the low voltage side. 

Particular economies result for installations where a customer with 
a low voltage service rate is changed to a high voltage rate, and the 
method is advantageous also for metering as of a remote point from 
the metering installation. 

The principles of operation of the compensating meter, test data, 
and calculated values of transformer and compensating meter char- 
acteristics, comparative results for an actual installation, and sample 
calculations are included. (A.I.E.E. paper No. 33-87) 
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A Portable Oscillograph 
With Unique Features : 


K. A. Oplinger’ 


A SIMPLIFIED portable oscillograph having a number 
of new optical and electrical features is described in this paper. The 
optical system, which consists of a combination of cylindrical lenses 
with axes at right angles, is designed to permit simultaneous viewing 
and photographing. A continuous time axis for both the viewing 
screen and film is secured by means of a small, variable speed, re- 
volving mirror. 

New galvanometers have been developed which have electro- 
magnetic damping instead of the usual oil damping. These gal- 
vanometers are very rugged and have been built for recording fre- 
quencies as high as 14,000 cycles per sec. 

The oscillograph is entirely self-contained and may be operated 
from a 110-volt 60-cycle lighting circuit without auxiliary attach- 
ments. The compactness and portability of the instrument can be 
seen from its overall dimensions which are 8 in. by 11!/2 in. by 11 in. 
and from its total weight, which is approximately 18 Ib. 

Other features which are claimed for this oscillograph are an optical 
system which magnifies the galvanometer deflections and gives a 
brilliant trace that can be observed in a brilliantly lighted room; a 
simple method of taking photographs similar to that in an ordinary 
camera; a large viewing screen for making tracings or for giving 
demonstrations to a group of persons; and simplicity, compactness, 
and ruggedness comparable with the average electrical indicating 
instrument. Although this oscillograph is a research development 
product, it will be made available in the near future in a form that 
will differ only in minor details from the instrument described. 
(A.LE.E. paper No. 33-90) 


Classification of Bridge Methods 


B 
of Measuring Impedance ‘ 


J. G. Ferguson’ 


An ANALYSIS of the requirements for satisfactory 
operation of the simple 4-arm bridge when used for impedance meas- 
urements is given in this paper. The various forms of bridge are 
classified into 2 major types called the ratio-arm type and the prod- 
uct-arm type, based on the location of the fixed impedance arms in 
the bridge. These 2 types are subdivided further, based upon the 
phase relation which exists between the fixed arm impedances. 
Eight practical forms of bridges are given, 3 of them being duplicate 
forms from the standpoint of the method of measuring impedance. 
These bridges together allow the measurement of any type of im- 
pedance in terms of practically any type of adjustable standard. 
The use of partial substitution methods and of resonance methods 
with these bridges is discussed and several methods of operation are 
described which show their flexibility in the measurement of im- 
pedance. 

The article furnishes a comparison of the relative merits of the 
large number of circuits which are available for making the same 
measurement and should serve as a guide to the engineer who is more 
interested in results than in acquiring a broad education in bridge 
measurements. An outline is given of the fundamental requirements 
which must be met by bridges used for impedance measurements, and 
a classification is made which serves as a help in the choice of a bridge 
for any particular type of measurement. The relative merits of the 
simpler types of bridge are discussed from the standpoint of the 
measurement of both components of an impedance, particularly with 
reference to measurements in the communication range of frequencies 
from about 100 to 1,000,000 cycles. Where only the major com- 
ponent of an impedance is desired, for instance where only the in- 
ductance of a coil or the capacitance of a condenser is desired, the 
requirements are not so severe and many forms of bridges may be 
used which are not suitable for the purpose here outlined. Bridges 
are also used to a large extent for other purposes than impedance 
measurements, such as for frequency measurements; these applica- 
tions are not considered. (A.I.E.E. paper No. 33-88) 


Better 
: By 
Instrument Springs 


R. W. Carson® 


EvecrricaL measuring instruments play an impor- 
tant part in the generation, distribution, and sale of electrical power, 
and in the development and testing of electrical machinery. The 
accuracy of electrical measuring instruments depends as much upon 
the quality of the control springs as on the design of the torque pro- 
ducing elements. 

Unstable effects found in the application of spiral springs to elec- 
trical instruments arise from aging in service and hereditary hys- 
teresis in the spring material. There is little available information in 
the technical literature on these effects. In order to produce the 
most satisfactory spring controlled instruments for the electrical 
industry, there should be recorded in the technical literature a con- 
siderable body of detailed information on springs. Information is 
needed on such subjects as the effect of composition, condition of ma- 
terial, forming methods, stabilizing treatments, design details, resid- 
ual stresses, service conditions, and temperature on the performance 
of spiral instrument springs. 

The information presented in this paper resulted from torsional 
pendulum tests, hardness tests, spring uncoiling tests, various form- 
ing and stabilizing treatments, and measurements of hereditary 
hysteresis with the “grid-glow micrometer.” 

The results of these tests are presented graphically, showing that 
moderate temperature heat treatment has an important effect on 
hereditary hysteresis, that the softening range of cold worked spring 
ribbon is very critical, that the forming temperature and forming 
time have a controlling effect on residual stresses, that a stress relief 
anneal reduces aging and hereditary hysteresis. The nature of the 
action of hereditary hysteresis is defined. 

Additional information is needed on the effect of composition, 
mechanical condition of the spring material, rolling practice, and 
the temperature of loading on hereditary hysteresis. Also, the bib- 
liography may not be complete. Discussion on these subjects is 
invited by the author. (A.I.E.E. paper No. 33-89) 


: By 
The Expulsion K. B. McEachron™! 
; |. W. Gross!2 
Protective Gap H. L. Melvin's 


Tue EXPULSION protective gap consists of a fiber 
tube of proper bore and dimensions so arranged with an internal 
gap that lightning discharges are conducted within the tube and the 
power follow current is stopped through the expulsion action of the 
tube. Its action during interruption of follow current is similar to 
that of the expulsion fuse. In practice the expulsion gap is provided 
with a series gap, the whole assembly being electrically in parallel 
with the insulation to be protected. 

On steel tower lines the application is limited to grounded neutral 
circuits. However, with wood pole lines where the wood insulation 
of the pole can be utilized, protection of circuits with ungrounded 
neutral can probably be realized. 

Expulsion protective gaps have a maximum and minimum current 
rating. This means that for proper functioning the device should be 
chosen so that the phase to phase short circuit current must not ex- 
ceed the maximum rating while the minimum current to ground 
should not be less than the minimum rating of the expulsion gap. 

Field tests were made on expulsion gaps on the 132-kv system of 
the Appalachian Electric Power Company at Glen Lyn, Va. Crest 
currents as large as 6,700 amp were interrupted successfully in 
1/2, cycle. One tube interrupted system short circuit current 11 
times without showing signs of serious erosion, which indicates that 
tube life will probably not be limited by the effect of electrical dis- 
charges. The tests were entirely successful and indicate that on 
132-kv lines expulsion gaps deserve serious consideration as a prac- 
tical device in rendering a transmission line lightning proof. 
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- ning usually results in a power arc and a line outage. 


Some service experience has been gained with expulsion gaps of an 
experimental design, principally on the lines of the Arkansas Power 
and Light Company. All of this experience has been on 110-kv 
circuits, wood pole H frame construction. The original installation, 
having had 2!/2 years of service, is credited with 21 successful opera- 
tions and 2 failures to function. Other installations made since have 
had varying degrees of success, but considering the limitations of the 
design of the original installations it can be definitely stated as a result 
of the field experience that the expulsion protective gap properly 
developed and applied has indicated great promise for minimizing 
line tripouts due to lightning. (A.I.E.E. paper No. 33-64) 


The Deion Flashover Protector and 


Its Application to 


By 
T ideas ' A. M. Opsahl? 
ransmission Lines Sige 


On POWER transmission lines a flashover due to light- 
The deion 
flashover protector, a device intended for the protection of insulation 
such as used on transmission lines, provides a path for the spark 
where the resulting power arc can be extinguished without causing 
a system disturbance. Electrodes within a tube serve as spark and 
are terminals. The walls of the tube are made of such material that 
the are generates a gas which assists in extinguishing the arc. An 


external air gap is usually placed between the tube and the line. 


This flashover protector can operate a number of times in sticces- 
sion without maintenance. A device requiring the renewal of a fuse 
would be inoperative in case of a repeated stroke. From photo- 
graphs of lightning taken with a moving camera it would seem that 


- multiple strokes within a second are quite possible. 


Applications must be based upon the surge flashover of the insula- 
tion to be protected, the system fault current, and the voltage at 
which that current must be interrupted. 

Although the protector is a relatively new device, it already has 
had considerable service to demonstrate its practicability. One of 
the first lines which was equipped with this device was a 110-kv 
wooden pole line and the protectors were placed at regular intervals. 
In this case they had several years of service and although called upon 
to operate many times they have had a perfect record. A more re- 
cent application was made on a steel line of 66 kv. This line is 50 
miles in length. The majority of line insulators are equipped with 
protectors. Since this installation has been made no outages have 
resulted during lightning storms. In another 66-kv application a 
few of the units have failed mechanically. These units evidently 
cleared this circuit before failure and did no damage. In this case 
it was noted that operating conditions were more severe than esti- 
mated when the application was made. (A.I.E.E. paper No. 33-66) 


The Life of 


B 
Impregnated Paper ‘ 


J.B. Whitehead!# 


ir IS generally agreed that the most important factor 
limiting the life of the so-called solid type of impregnated paper 
insulated cable is internal ionization in voids or gas pockets. The 
much higher stresses in oil filled cables and their exceptional per- 
formance in service are commonly attributed to the absence of 
gaseous ionization. These facts have served to draw increased 
attention to the question of the type of oil to be used in such cables. 
The oils for solid cables have been selected from the standpoint of 
their susceptibility to the formation and ultimate action of internal 
ionization. With ionization absent, as in the oil filled cable, the 
question then becomes one of the inherent dielectric and insulating 
properties of the oil. 
The present paper describes a series of accelerated life studies 
on 14 different oils as used for the impregnation of one grade of 


ee 
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paper under conditions of impregnation insuring the complete 
absence of gaseous ionization. Two striking conclusions are indi- 
cated from the studies: first, that there is a definite relationship 
between the life of impregnated paper under stress, and the capillary 
constants of the oil as related to the structure of the paper. With 
oils of a definite type or origin, the life of the paper increases with 
the penetrative power, which depends upon the surface tension and 
the viscosity of the oil, and upon the effective capillary radius 
of the paper. The second general conclusion is that while the fore- 
going relationship obtains for the oils of any one type or origin, 
there may be differences in the positions of the curves between 
penetrative power and life for oils of different types or origins. 
Thus the studies included 2 groups, the oils in each group having 
the same origin, one group having a paraffin base and the other 
having a so-called naphthenic base. The variation of life with 
penetrative power is of the same type in each group. The curves, 
however, do not coincide, the naphthene group showing longer 
life than the paraffin group for the same penetrative power. 

During the life runs, measurements were made of dielectric loss, 
power factor, and dielectric constant. Certain specimens main- 
tained approximately constant value of power factor throughout the 
successive increases of stress constituting the accelerated life run. 
Others showed a uniform but moderate increase in power factor 
and loss. No regular relation is found between life and either the 
initial values or the subsequent changes in power factor and loss 
during the life run. In all cases, changes in power factor and loss 
associated with the approach to breakdown were very large, but 
were invariably confined to a very short interval at the end of life. 
Dissection of a number of specimens before breakdown indicated 
uniform internal conditions after long periods at high stress. The 
failures were ail clean punctures with evidence of moderate gas 
generation appearing only, however, in the last stages of life. No 
wax was found in any of the 150 specimens studied. (A.IE.E. 
paper No. 33-72) 


Accelerated Aging Tests on High Voltage 
Cables and Their Correlation 
With Service Records 


By 
D. W. Roper!® 


(See p. 371-7 this issue.) 


The Effect of High Oil Pressure 
Upon the Electrical Strength 


B 
of Cable Insulation K 


J, A. Scott® 


IMeROVEMENT in cables, which combine liquid and 
solid dielectrics, has come largely through the study and control of 
gaseous electrical phenomena. This is because through circum- 
stances of use in the field, gases enter the cable structure and the re- 
sulting electrical discharges in these gas layers cause deterioration 
ultimately leading to failure. The steps in improvement have 
successively led first to the abandonment of the heavy solids or petro- 
latums as treating materials and then to the oil filled cable, where the 
possibility of entrapped and dissolved gases is reduced to the mini- 
mum possible. 

Granting, however, that some residual gas remains, its effect should 
be reduced if we subject it to high pressure, for it is a well-known 
fact that the breakdown voltage of a gas increases with the pressure 
almost linearly. Furthermore Koch has shown that the dielectric 
strength of liquids shows a similar effect but that of solids does not. 
In order to study the combined dielectric, oil and paper, tests there- 
fore have been made to investigate the effect of high oil pressures on 
(1) the long time or endurance dielectric strength; (2) the short time 
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dielectric strength; and (8) the impulse voltage strength of treated 
paper insulation. 

Long time overvoltage tests on oil treated cable samples and short 
time and impulse tests on oil treated paper sheet samples indicate 
that an increase in the hydrostatic pressure of the oil will result in an 
increase in the breakdown voltage. The magnitude of this increase 
depends upon the time duration of the test. A doubling of break- 
down voltage was secured by a pressure increase from 1 to 6 atmos- 
pheres in the case of the long time (several weeks) while no improve- 
ment at all was secured in the case of the impulse tests (several micro- 
seconds duration) by a pressure increase up to 11 atmospheres. 
(A.LE.E. paper No. 33-65) 


A New Method of Investigating Cable 


: d By 
Deterioration and Its Applica- K. S. Wyatt? 
; ; E. W. Spring!® 
tion to Service-Aged Cable easreligwes 


In VESTIGATION of the radial variation in electrical 
and chemical characteristics of cable insulation between conductor 
and sheath is suggested as a valuable means for throwing light on 
cable deterioration in service. A cell is described for the rapid accu- 
rate measurement of power factor of individual paper tapes taken 
from cable. A method is given for determining the total oxidation 
products in the oil from the paper tapes, layer by layer, from sheath 
to conductor. The results obtained by applying these methods to 
several types of service-aged cables are reported, together with the 
indications which they give of the relative importance of ionization 
and oxidation as aging factors. The inclusions drawn are as follows: 

Deterioration of the insulation of high voltage cables does not take 
place uniformly in a radial variation between conductor and sheath. 
The determination of the radial variation of power factor, hydrophil 
content, and amount of wax is a useful method for determining the 
origin and nature of deterioration. From limited data, oxidation, 
probably due to inbreathed air, appears to be a major source of de- 
terioration. Ionization, as indicated by the presence of wax, does 
not result in sharp increases of dielectric loss. Deterioration of cable 
occurs during storage, probably due to air that has entered either 
during the leading process at the factory, or when the cable ends were 
opened. In service, aging of 3-conductor cables is frequently mark- 
edly different on 1 conductor than on the other 2. The radial 
method promises to have a number of practical applications. 
(A.IL.E.E. paper No. 33-82) 


Carrier By 
: Ae BeClark@ 
in Cable B. W. Kendall® 


In ORDER to meet future demands for high-grade 
and economical circuits in cables, considerable carrier development 
work has been done which has included an extensive experimental 
installation on a 25-mile loop of underground cable. Sufficient pairs 
were provided in the cable and repeaters were installed to set up 9 
carrier telephone circuits 850 miles long. Tests on these circuits 
showed the quality of transmission to be satisfactory, while the 
methods and devices adopted to prevent interference between them 
were found to be adequate. The trial has, therefore, demonstrated 
that the obtaining of large numbers of carrier telephone circuits from 
cable is a practicable proposition. 

This paper is largely devoted to a description of the trial installa- 
tion and an account of the experimental work which has been done in 
this connection. Due to present business conditions, it is expected 
that this method will not have immediate commercial application. 

This work is part of a general investigation of transmission systems 


which are characterized by the fact that each electrical path trans- 
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mits a broad band of frequencies. 


Such systems offer important 
possibilities of economy particularly for routes carrying heavy traffic. 
The conducting circuit is non-loaded so that the velocity of trans- 
mission is much higher than present voice-frequency loaded cable 
circuits. This is particularly important for very long circuits where 
transmission delays tend to introduce serious difficulties. (A.LE.E. 
paper No. 33-70) 


Precision Timing of Athletic By 
C. H. Fetter18 


and Other Sporting Events H. M. Stoller® 
(See p. 886-91 this issue) 
Design Features of the 
B 
Port Washington Power Plant G. G. Post 


An ANALYTICAL discussion of some of the important 
decisions reached in the design of the new Port Washington power 
plant is presented in this paper. This generating station, now under 
construction, is located on the west shore of Lake Michigan at East 
Port Washington, Wis., 28 miles north of Milwaukee. The initial 
section of the station, with one turbine, will have a capacity of 80,000 
kw, and will utilize 1,230 lb steam pressure and 825 deg F steam 
temperature at the throttle, and 825 deg F steam pressure at the re- 
heat point. It will be built on the unit design, one boiler per tur- 
bine, one set of transformers, one 132-kv transmission line, and one 
set of auxiliaries foreach unit. The possible ultimate capacity of the 
station is 400,000 kw in 5 units. 

Summaries of certain economic studies which formed the basis for 
decisions are included, but no statistical information on the various 
pieces of equipment is given. Among the subjects discussed are 
selection of site, determination of size, consideration of mercury- 
steam cycle, selection of 1,200-lb steam cycle, selection of 850 deg F 
maximum steam temperature, unit design, furnace, heaters and other 
auxiliaries, selection of 22,000 volts for generation, and selection of 
switching and auxiliary power equipment. (A.I.E.E. paper No. 33- 
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Improvements at By 
} ‘ ; W. L. Cisler? 
Burlington Generating Station W. P. Gavit®! 


Tue RECENT development at Burlington generating 
station of the Public Service Electric and Gas Company of New Jer- 
sey is of special interest in these days of stringent economies and 
efforts to make existing equipment go as far as possible. The sta- 
tion contained 3 12,500-kw turbine-generators from 10 to 16 years 
old with a stoker fired boiler plant all operating at 200 lb steam pres- 
sure with 150 deg superheat; the fuel consumption was 22,000 to 
25,000 Btu per kwhr which is about what would be expected with 
these steam conditions and equipment of that period. 

The installation of a high pressure pulverized fuel fired boiler and 
an 18,000-kw high back pressure non-condensing turbine reduced the 
station heat rate to about 15,000 Btu perkwhr. As a consequence 
of this improved economy the Burlington generating station is now 
prime base load capacity and may be expected to continue in this 
classification for some years to come. 


18. Electrical Research Products, New York, N. Y. 

19. The Milwaukee Electric Railway and Light Company, Milwaukee, Wis. 
20. W.S. Lee Engineering Corporation, Charlotte, N. C. 

21. United Engineers and Constructors, Inc., Philadelphia, Pa. 
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The reasons leading to the decision to develop this station are 
given in the paper and the principal features of the equipment se- 
lected are described. Particular attention is given to the many 
auxiliaries. Various changes also were made in the switching equip- 
ment and a discussion of these is included. 

Shortly after the new installation was put in service, the price of 
fuel oil receded to a low level and oil burners were inserted through 
the center of the pulverized coal burners. The change from oil to 
coal or vice versa may be made in a few minutes and without inter- 
ruption to boiler operation. Operation of the plant is described, in- 
ery a record of the failure of the new unit. (A.LE.E. paper No. 
33-76 


The Beauharnois Development of the 


Soulanges Section of the 


: By 
St. Lawrence River W. S. Lee? 
(See p. 377-84 this issue.) 
Transient Torques By 
¥ : M. Stone® 
in Synchronous Machines L.A. Kilgoret 


Tus paper determines first the electrical torques due to 
short circuit as considered from 2 points of view—a machine without 
losses, and then including losses. The further calculation of the 
mechanical torques, i. e., shaft and coupling torques, torque reactions 
in spring mounted machines, etc., shows that the loss torques can re- 
sult in as serious mechanical stresses as the alternating torque com- 
ponents, though the latter be higher. This is due to the effect of the 
“transmission factor’ discussed in the paper. The calculation of 
stator stresses shows them to be low, even under a short-circuit 
torque which is considered to act undiminished because of stator 
frame rigidity. 

The calculated results have been nicely verified by short-circuit 
tests on a large single-phase spring mounted generator—both the 
spring torque and inertia torques being recorded. 

Two further cases of serious transient torques have been con- 
sidered: (1) synchronizing out of phase; and (2) allowing a machine 
to pull out of step and remain connected to the system. In the first 
case, if the out of phase angle at synchronization were 180 deg, 
torques 4 times as great as those obtained during short circuit could 
be created. In the second case, if the slip frequency approaches or 
coincides with the natural period of oscillation of the mechanical 
system (as it tends to do), then very serious mechanical stresses are 
set up, even though the torque frequency is changing with respect to 
the natural frequency at arelatively rapid rate. (A.I.E.E. paper No. 
33-74) 


Arc Stability With : 2 
D-C Welding Generators Be aie 


D. Silverman? 


Tue problem of arc stability with d-c welding generators 
is first analyzed in this paper and the nature of the welding arc is 
studied. The mechanism of instability is analyzed. 

Experimental observations summarized in the paper indicate that 
instability is not being caused by loss of the cathode spot, but it 
appears that the cause of instability in the welding arc is an increase 
in its potential drop due to an increase in losses from the positive 
column, or possibly an increased cathode fall of potential which does 
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not, however, amount to an actual loss of the essential cathode phe- 
nomenon. 

Criterions for stability are developed in the form of equations and a 
test for welding generator stability is described. (A.I.E.E. paper No. 
33-92) 


Construction Features of Special 


Resistance Welding Machines 


By 
C. L. Pfeiffer?2 


A rnoucn the design of so-called standard resistance 
welders is more or less fixed, the construction of a special resistance 
welding machine involves a series of design factors which are only 
approximate and for which one allows large limits. An attempt is 
made to outline the eleinentary features of construction for success- 
ful operation by enumerating the factors which must be known. A 
method of obtaining the proper transformer capacity, types of 
switches for changing the amount of welding cirrent, and means for 
regulating the time of application of the current are indicated. Im- 
portant mechanical conditions to be considered are also touched 
upen. 

This is followed by a description of the construction features of a 
few outstanding resistance welding machines of special design used 
at the Hawthorne Plant of the Western Electric Company. Al- 
though most of these machines are of relatively small total current 
capacities, the current densities used are quite high. The machines 
described are used for welding precious metal contacts, permalloy 
wire, bronze brushes, switchboard plug parts, and copper rod. 

The material presented is intended to be of some help to machine 
designers who are primarily concerned with mechanical features of 
design and to whom welding mechanisms and auxiliaries are more or 
less troublesome. The paper will also serve as a background for 
products manufacturers in discussing the building or buying of 
special process welding machines. (A.I.E.E. paper No. 33-93) 


Improvements in 


B 
Mercury Arc Rectifiers : 


JalaGoxs 


Tue PRINCIPLE of building the larger capacity recti- 
fiers in sectional form was discussed in a paper presented before the 
Institute at the 1932 winter convention. Obviously, the successful 
achievement of a sectional rectifier, without its becoming prohibi- 
tively large, involved the development of a rectifier section much re- 
duced in size from the familiar conventional rectifier of 500 kw to 
1,000 kw capacity. Due to the characteristics of the device, this 
reduction in size of section inevitably resulted in a corresponding re- 
duction in are drop with a further enhancing of the advantage of the 
sectional arrangement. The design was based on a 1,250-amp sec- 
tion, which is approximately the rating above which difficulties due 
to size begin. The 1932 paper briefly described the first design of 
sectional rectifier. Since that time, considerable improvement has 
been made both as to performance and convenience of operation. 
The present paper describes the 2,000-kw 625-volt unit being in- 
stallated on the Fulton Street line of the independent subway system 
of the city of New York for the New York board of transportation. 
This unit is typical for any capacity above 750 kw at 600 volts. 
The paper also briefly describes smaller rectifiers for capacities be- 
low 750 kw. 

In addition to describing the improved design of section for the 
sectional mercury arc rectifier, the paper describes the manner of 
assembling into the sectional unit. It also includes a brief descrip- 
tion of the auxiliaries used. Performance characteristics, which 
include are voltage curves, determined from both laboratory tests 
and operating service, are given. Factors determining design fea- 
tures are discussed. (A.I.E.E. paper No. 33-83) 


22. Western Electric Company, Chicago, III. 


Current and Voltage Wave Shape 8, 


H. D. Brown? 
of Mercury Arc Rectifiers dee Saat 


Maercu RY arc rectifiers have current and voltage 
wave shapes which are inherent in the normal operation of the appa- 
ratus. It is the object of this paper to discuss the wave shape on 
both the a-c and d-c side of rectifiers and to show how to estimate the 
wave shapes of the voltage and the current on either side under op- 
erating conditions when the circuit constants are known. 

The values of the harmonics of voltage and current at light load are 
considered first and the modifications of the harmonics under load 
due to impedance are then studied. The results of tests on rectifiers 
are given and are in reasonable agreement with the theoretical values 
which, for convenience in use, are plotted in the form of curves. 
The relation between the harmonics in rectifiers with different trans- 
former connections is shown and consideration is also given to modi- 
fications introduced when the a-c voltage contains harmonics or has 
a phase unbalance. A brief discussion is given of some methods of 
modifying the harmonic voltages in this type of apparatus. 

The data given in this paper apply to rectifiers of the customary 
types which make use of the rectifying properties of a mercury 
cathode or a thermionic cathode enclosed in an evacuated chamber. 
They do not apply to rectifying devices in which the normal operation 
is controlled by a third element generally called the grid. (A.I.E.E. 
paper No. 33-77) 


The Effect of Transient Voltage 


Protective Devices on Stresses py 
K. K. Palueff! 


in Power Transformers Ui Hiulasenqutn® 


Snort time transients such as lightning waves and 
switching surges cause very high over-voltages in transformers due 
to high amplitudes of these voltages allowed by transmission line 
insulation and the non-uniform distribution of such voltages through- 
out the winding and internal resonance. The internal stresses can 
be reduced by limiting the amplitude of the impulse waves (gaps and 
lightning arresters), by changing their shape (wave modifiers), by 
making voltage distribution uniform throughout the winding irre- 
spective of the shape of the wave (electrostatic shielding of the wind- 
ings) or by a combination of these means. Coil, turn, and major 
insulation (except at line end) transient voltages are reduced far 
more by making the voltage distribution uniform throughout the 
winding then by reducing the amplitude of the applied wave by any 
means available at present. 

Amplitude control by thyrite lightning arresters reduces voltages 
depending on the shape of the wave, on grounded systems to be- 
tween 35 and 60 per cent, on isolated systems to between 43 and 74 
per cent, of the maximum allowance of the average line insulation. 
Maximum reduction is obtained with steep waves. To secure the 
same protection with spillway gaps (rod gaps, arcing rings, etc.) 
their setting (particularly for very steep waves) must be made so 
low that they would arcover at many switching operations. Arc- 
over of spillway gaps produces an abrupt fall in voltage causing high 
local stresses in windings. A properly designed lightning arrester 
causes voltage to fall even more gradually than it does in the applied 
wave. Such an arrester reduces stresses through the entire winding 
practically in proportion to reduction in the amplitude of the applied 
wave. 

Wave modifiers by slanting the front and tail of the applied wave 
cause transformer terminal voltages to rise and fall slowly enough to 
produce more uniform distribution. The shielding produces uni- 
form distribution by neutralizing the undesirable effect of the dis- 
tributed capacitance of windings. Wave modifiers are essentially of 
2 types: 


1. Properly designed lightning arresters (like thyritc) shunted with a capacitor. 


2. Inductance and resistance in parallel connected in series with the line, com- 
bined with a capacitor connected between transformer terminal and ground. 


The proper value for electrical constants for a wave modifier can 
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easily be determined where the natural period of free oscillation of 
the transformer is known. The first type is by far the more prac- 
ticable of the 2 as it not only modifies the wave but also radically re- 
duces its amplitude. The second type if designed to accomplish the 
same task becomes quite expensive and bulky. 

If it is desired only to attain uniform voltage distribution without 
materially reducing the amplitude it compares unfavorably with 
electrostatic shielding. The latter, being internal to the transformer, 
is more economical and its effectiveness, contrary to that of a wave 
modifier, is independent of the shape of the applied wave. 

Such a modifier is also useless for transformers already installed, 
as in modern transformers the entire insulation is properly co- 
ordinated with station insulation, and therefore they do not need 
such a modifier, while transformers installed before coordination 
was generally accepted, require a protective device which substan- 
tially reduces the amplitude. 

Analysis indicates that necessary values of constants of a wave 
modifier of the second type that would render substantial protection 
cannot be economically secured internally in an oil immersed reactor 
coil placed in a special grounded metal casing. The electrostatic 
capacitance of such a modifier is too small to be of much value. 
Extensive tests demonstrated that some common service conditions 
when duplicated in the laboratory produce higher stresses in the 
transformer with such a device than without it. (A.LE.E. paper 
No. 33-91) 


The Polarity Factor in the Kindling of Electric 


Impulse Sparkover Based 
By 
C. E. Magnusson?’ 


Upon Lichtenberg Figures 


Tue results of a photographic study of successive steps 
in the kindling process of impulse-flashover in unsymmetrical di- 
electric fields are presented in this paper. In order to keep the ex- 
perimental conditions as simple as possible, the investigation was 
limited to the initial or kindling stage of impulse-sparkover and the 
energy content of the impressed potential impulse was kept very 
small to minimize, as much as possible, the thermionic effects. 

The photographs confirm the theory, established by the bending 
of the electric figure streamers when formed under stress of the mag- 
netic field, that electrons are primarily the active elements in the 
kindling mechanism. The figures also indicate that in a field of ion- 
izing potential-gradient the bridging of the spark-gap (10.5 cm) is 
largely due to extension of the streamers or channels from the posi- 
tive electrode; and that space charges affect the impulse-sparkover 
process, 

The importance of effects due to polarity in high voltage electric 
phenomena is pointed out in the paper. The experiments made in 
obtaining this most recent information on the subject are outlined 
and the equipment used is described. Numerous photographs are 
included to illustrate the discussion. (A.I.E.E. paper No. 33-71) 


Progress in 


3-Circuit Theory ~ 


A. Boyajian! 


Arrer some 10 years of experience in the application 
of ‘‘3-circuit theory” to a variety of transformer problems, some 
limitations are encountered in the application of the elementary 
theory to certain types of problems. The purpose of this paper is 
to point out what these limitations are and how they may be cir- 
cumvented. 

In a few words, present theory states that, so far as load character- 
istics are concerned, each circuit of a 3-circuit transformer may be 
assigned an individual leakage impedance, and then no explicit 
thought need be given to any mutual inductive effects between cir- 
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cuits. Handling of 3-circuit problems is remarkably simplified by 
this theory. It is generally assumed as applicable to all single-phase 
and polyphase circuits. : 

According to the above elementary theory, if 2 secondaries have 
identical impedances with respect to the primary, their individual 
leakage impedances will be equal and their simultaneous short- 
circuit currents will be equal and of the same power factor. Com- 
monsense (uncritical commonsense) also would seem to demand 
such a conclusion, without any elaborate theoretical arguments. 
Recent experience has shown, however, that such is not necessarily 
the case in some polyphase transformers, and that particular atten- 
tion to symmetry and the balancing of reactances may actually 
cause a large unbalance in load division. It is further found that 
such unbalance may change with change in the phase rotation of the 
excitation. Such anomalous behavior calls for a searching inquiry 
into the foundations of both theory and commonsense. May it not 
be that we have generalized too far? 

As an example, a transformer with a delta primary, and 2 oppo- 
sitely zigzagged secondaries, is discussed in the paper and an ex- 
planation of the unexpected phenomena which results is given. 
Although it is not possible to anticipate the infinite variety of pos- 
sible transformer connections involving interconnection of phases, 
the following general theorems are suggested: 

1. Single-phase 3-circuit equivalent networks and equations are directly appli- 
cable to polyphase circuits, provided that there is the same angular displacement 


between the self and mutual load impedances, as between the norma! induced 
voltages. 


2. When there is no cross-connection between phases, the above condition is 
automatically satisfied; but when such cross-connection exists, the above con- 
dition may or may not be satisfied. In at least the simpler symmetrical cases, 
the impedances may be so designed as to satisfy the above condition. 


3. When the condition in paragraph 1 is not satisfied, 3-circuit theory may yet 
be applied, but to the individual component coils only, to obtain the resultant 
voltages at the line terminals. (A.I.E.E. paper No. 33-69) 


Obtaining Comfort Conditions by Means of 
Controlled Radiation From 
Electrically Heated Walls 


By 
L. W. Schad’ 


Ar SEDENTARY occupations under normal indoor 
winter conditions the human body loses heat at the rate of 400 Btu 
per hr, of which approximately 46 per cent is radiated, 30 per cent is 
convected, and 24 per cent is lost by the evaporation of moisture 
from skin and lungs. The skin and clothing surface temperatures 
average around 80 deg F. With solid surroundings at 8U deg F, 
therefore, there would be no heat loss by radiation. Any inter- 
mediate temperature between the normally prevailing inside wall 
temperature and 80 deg F would mean a corresponding modification 
in the amount of heat radiated. Compensation for this decrease in 
radiated heat may be effected by lowering the air temperature The 
effect on human comfort of thus controlling the amount of heat ra- 
diated from the body is given in this paper. The possibility of 
using electric energy for this application, together with equipment 
and operating costs, is also given. 

The conclusions drawn in this paper are as follows: 
1. The results of observations on space heating with rather extensive surfaces at 


moderately low temperatures have been worked into a practical method of pre- 
dicting comfort with various combinations of wall and air temperatures. 


2. The air may average from 2 to 8 deg below the average enclosure tempera- 
ture, resulting in a saving of heat. 

3. Most of the radiating surfaces were put in the ceiling, which seems to be de- 
sirable to cut down heat losses and is not objectionable from the standpoint of 
comfort. It would no doubt be desirable to put warm panels in selected places 
in the side walls such, for instance, as under windows to prevent downward air 
currents and nullify to some extent at least the body’s radiation to the cold 
window surfaces. 


4. A remarkably uniform temperature was found to prevail within the room as 
a result of the heating method presented in this paper. 


5. The low temperature radiant heating method in combination with reversed 
refrigeration would bring the operating costs of heating electrically down to 
where it might be competitive with gas and oils or even coal. 


6. The watt density varied from 5.3 to 16.1 watts per sqft. It is possible that a 
2-range provision might be made with a density of 50 watts per sq ft for accel- 
erated effects on a cold morning for a few minutes after the power is turned on 
with a fourth of that density for steady application. Where 1 sq ft of heated 
area is used for each 10 cu ft of space heated 1z.5 watts per sq ft should,be ample 
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for quite severe weather. Modifications in outdoor temperature could be taken 
care of with a thermostat set to throw the power on or off according to require- 
ments. (A.I.E.E. Paper No. 33-78) 


Probe Measurements and Potential 

By 

W. G. Dow?4 

S. S. Attwood?! 
G. S. Timoshenko*4 


Distribution in Copper 
A-C Ares 


SEVERAL articles of recent years have shown the im- 
portance of the problem of reignition of a-c ares in air between copper 
electrodes. Recently, 2 of the present authors described the con- 
ditions controlling the rate of voltage rise across the arc electrodes 
during the interval of cyclic current zero and its relation to the rate 
of deionization of the gap. The arc reignites if the circuit constants 
permit the arc electrodes to experience a voltage rise of rapidity suffi- 
cient to overcome the growing dielectric strength of the are space. 

The present article shows the distribution of potential between the 
electrodes during the reignition period when the current is zero and 
emphasizes the possibilities and limitations of probe methods of 
measurement of this potential distribution. 

One or more probes are introduced into the are space, and by con- 
necting one or another of the probes or the electrodes to a cathode 
ray oscillograpl the changes in potential are recorded that take 
place in the are space and near both electrodes during the reignition 
period. 

The first outstanding result of the investigation is that, during the 
period when the arc current is passing through its cyclic zero and the 
electrode voltage is changing rapidly and reversing its polarity, the 
great percentage of the electrode voltage is to be found in a drop in 
potential at that electrode which is, for the time being, the cathode. 

Furthermore, it appears that under appropriate conditions probe 
methods of measuring the rapidly changing potential distribution 
are justifiable. (A.I.E.E. paper No. 33-84) 


Theory of 
By 


Primary Networks F. M. Starrs 


Tus paper purports to answer certain pertinent ques- 
tions in regard to the operation of primary networks under normal 
and abnormal conditions with particular emphasis on the inter- 
related effects of voltage regulation, load distribution, and circulating 
currents. The conclusions offered are substantiated by calculated 
data, calculating board analyses, and test data on actual systems in 
operation. 

An exact mathematical analysis of the general regulated network 
is given in the appendix. This analysis is broad in scope and has 
evident applications other than the particular one with respect to 
primary networks as considered here. 

The particular questions which it has seemed advisable to study in 
the present paper are as follows: 

1. When a transmission line feeding a primary network is taken out of service, 
how does the load carried by this line distribute among the remaining units? 


2. Quantitatively, what advantage in load distribution is gained by staggering 
the network loads on a given transmission feeder over concentrating adjacent 
loads on a given feeder? 


3. What effect does the automatic regulating equipment (tap-changers or induc- 
tion regulators) on the network transformers have on the distribution of load 
under normal and abnormal conditions? 


4. Can the compensator used in conjunction with the regulating equipment be 
adjusted to limit circulating currents (due to differences in tap positions on the 
network transformers as well as to differences in phase angles of the impressed 
primary voltages) to a desirable minimum, to aid in uniformly distributing a 
normally unbalanced load, and at the same time to give adequate over-com- 
pounding during peak load? 


5. What maximum angular difference between supply voltages to various points 
in the network is permissible? 


6. What procedure should be used in adjusting the compensator to give opti- 
mum performance? (A.I.E.E. paper No. 33-85) 


24. University of Michigan, Ann Arbor, Mich. 
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News 


Of lnstitute and Related Activities 


Final Announcements for the Summer 
Convention and Chicago World's Fair 


F iar arrangements for the 49th annual 
summer convention of the A.I.E.E. to be 
held at Chicago, IIll., June 26-30, 1933, 
during Engineers’ Week at the World’s 
Fair, have been completed. All planning 
to attend this convention should register 
in advance if possible; please fill in and mail 
the advance registration card which has 
been sent to you with the mailed announce- 
ment. Members and their guests are urged 
to make their hotel reservations by writing 
directly to the hotel preferred. Head- 
quarters will be at the Edgewater Beach 
Hotel, which has excellent hotel facilities, 
tennis courts, a 9-hole mashie-putting golf 
course, and a private bathing beach on the 
shore of Lake Michigan. Those who plan 
to register at the Edgewater Beach should 
make their reservations well in advance, as 
the accommodations are liable to be taxed 
during the convention on account of the 
World’s Fair. 


TECHNICAL SESSIONS 


In addition to the technical papers on the 
program for the summer convention an- 
nounced in ELECTRICAL ENGINEERING for 
May 19338, p. 343-5, the following papers 
have been added: 


A COMPRESSION-TyPE LOow-VoLTAGE AIR CIR- 
cuiIT BRBAKER, D. C. Prince, General Electric Co. 


IMPROVEMENTS AT BURLINGTON GENERATING 
° 


Sration, W. L. Cisler, Public Service Electric %& 
Gas Co., and W. P. Gavit, United Engineers 
and Constructors, Inc. 


THEORY OF PRIMARY NETWORKS, F. M. Starr, 
General Electric Co. 


The paper by D. C. Prince has been added 
to the Tuesday morning session on pro- 
tective devices; the paper by W. L. Cisler 
and W. P. Gavit to the Thursday morning 
session on communication and power 
generation, and the paper by F. M. Starr 
to the Friday morning session on electro- 
physics and related subjects. 

On Thursday afternoon, June 29, there 
will be a joint meeting with the power 
division of the A.S.M.E. and the hydraulics 
division of the A.S.C.E. in the grand hall- 
room of the Palmer House. The meeting 
will start at 2:15 p.m. with a résumé of the 
engineering reports on the St. Lawrence 
power development given by Daniel W. 
Mead, honorary member A.S.C.E., pro- 
fessor of hydraulic and sanitary engincering, 
University of Wisconsin, and consulting 
engineer, Madison, Wis. At 3:15 the dis- 
cussion will be opened by Thomas H. Hogg, 
member A.S.C.E. and chief hydraulic 
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Westmoreland Country Club near Chicago, Ill., where the golf tournament will be played 


during the Institute's forthcoming summer convention, June 26-30, 1933. 


In addition to 


the golf events for this week announced in ELECTRICAL ENGINEERING for May 1933, 
golf will include play for the District team championship. Teams will consist of not more 


than 6, nor less than 4, men. 


Winner will show lowest gross score for 4 men. 


If any District 


has not sufficient golfers present to make up a 4-man team, players may be recruited from 
other Districts 


engineer of the Hydro Electric Power 
Commission of Ontario. 

The tentative program for the joint 
meeting with the Econometric Society, The 
American Society of Mechanical Engineers 
and the American Society for Testing 
Materials is announced as follows. The 
meeting, entitled ‘‘Some Fundamental Prob- 
lems of Mutual Interest to Scientific 
Economists and Engineers,” will be held 
on Friday afternoon and evening of June 
30 at the Palmer House. 


2:00 p.m.—lIrving Fisher, Yale University; Presi- 
dent, Econometric Society; chairman. 


CONTRIBUTIONS OF THE MATHEMATICIAN TO 
Economics, C. F, Roos, secretary, Econometric 
Society. Discussion led by Henry Schultz of the 
University of Chicago. 

THE MATHEMATICAL THEORY OF RATIONAL 
INFERENCE, T. C. Fry, Bell Telephone Laboratories. 
Discussion led by Harold Hotelling, Columbia 
University; L. K. Sillcox, vice-president, New 
York Air Brake Co., and Anson Hayes, director 
of research, American Rolling Mill Co. 


THE ENGINEERING ECONOMIST OF THE FUTURE, 
D. S. Kimball, Cornell University. Discussion led 
by Harvey N. Davis, president, Stevens Institute 
of Technology and C. F. Hirshfeld, director of 
research, Detroit Edison Co. 


8:00 p.m.-—Meeting continued. Ralph E. Flanders, 
chairman of committee on relation of consump- 
tion, production, and distribution of the Ameri- 
can Engineering Council, chairman; presidents 
of the sponsor societies, honorary chairmen. 


Many Meetings to Feature 
Engineers’ Week at Chicago 


Concurrently with the Institute’s 
49th annual summer convention to 
be held in Chicago, Ill., June 26-380, 
1933, meetings of several other tech- 
nical organizations will be held. 
These meetings are an important 
phase of Engineers’ Week at the Cen- 
tury of Progress, Chicago 1933 Ex- 
position. Other organizations hold- 
ing meetings in Chicago during this 


week include: 


American Association for the Advancement 
of Science, June 19-30 


American Institute of Mining and Metal- 
lurgical Engineers, June 26-30 


American Society for Testing Materials, 
June 26-30 


American Society of Civil Engineers, June 
27-30 


American Society of Mechanical Engineers, 
June 26-30 


Econometric Society, June 30 
Institute of Radio Engineers, June 26-28 


Society for the Promotion of Engineering 
Education, June 26-30 
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| Some FUNDAMENTAL PROBLEMS OF THE ENGI- 
NEER, F. B. Jewett, American Telephone and 
Telegraph Co. 


THE INTERNATIONALIZATION OF SCIENTIFIC 
KNOWLEDGE AS A Factor IN WorLD Economic 
RECOVERY, A. P. M. Fleming, Metropolitan- 
Vickers Electrical Co. 


RAILROAD RATES 


Especially low railroad rates for the 
entire period of the Century of Progress 
Exposition will be in effect but, as they 
differ considerably for different starting 
points, the duration of the stopover period, 
and the routes traversed, members should 
consult their local passenger agents for 
excursion rates to the exposition. 

From certain localities it may prove 
advantageous to form parties to take advan- 
tage of the low party rates ineffect. Also 
those who can arrange to leave on Saturday 
from some points may find that exception- 
ally low rates are in effect for that day. 
Consult your local passenger agents in 
regard to these plans in each case, 


1933 Lamme Medal 
Nominations Due Nov. 1 


Special attention is "directed to the fact 
that the names of Institute members who 
are considered eligible for the Lamme 
Medal, to be awarded in the fall of 1933 
may be submitted by any member in ac- 
cordance with Section 1 of Article VI of 


the bylaws of the Lamme Medal com- 
mittee, as quoted in the following: 


The committee shall cause to be published in one 
or more issues of ELECTRICAL ENGINEERING, or of 
its successors, each year, preferably including the 
June issue, a statement regarding the ‘‘Lamme 
Medal” and an invitation for any member to pre- 
sent to the national secretary of the Institute by 
November 1, the name of a member as a nominee 
for the medal, accompanied by a statement of his 
“meritorious achievement” and the names of at 
least three engineers of standing who are familiar 
with the achievement. 


Each nomination should give concisely 
the specific grounds upon which the award 
is proposed, and also a complete detailed 
statement of the achievements of the nomi- 
nee, to enable the committee to determine 
its significance as compared with the 
achievements of other nominees. If the 
work of the nominee has been of a some- 
what general character in cooperation with 
others, specific information should be given 
regarding his individual contributions. 
Names of endorsers should be given as 
specified above. 

“The Lamme Medal, founded as a result 
of a bequest of the late Benjamin Garver 
Lamme, chief engineer of the Westinghouse 
Electric and Manufacturing Company (de- 
ceased July 8, 1924), provides for the 
annual award by the Institute of a gold 
medal—together with bronze replica there- 
of—to a member of the A.I.E.E. ‘‘who has 
shown meritorious achievement in the de- 
velopment of electrical apparatus or ma- 
chinery”; and for the award of 2 such 
medals in some years if the accumulation 
of funds warrants. 

The fifth (1932) Lamme Medal has been 


awarded to Edward Weston (A’84, M’84, 
Member for Life and past-president) chair- 
man of the board, Weston Electrical 
Instrument Corp., Newark, N. J., ‘for his 
achievements in the development of elec- 
trical apparatus, especially in connection 
with precision measuring instruments.” 
Presentation will be made during the sum- 
mer convention at Chicago, IIl., June 26-30, 
1933. 


Meeting on Units to 
Be Held at Chicago 


The American Section of the International 
Union of Pure and Applied Physics will hold 
a session on the general subject of magnetic 
and electrical units in Chicago, IIl., June 24, 
1933. The meeting will be held at 9:30 
a.m., room 133, Eckhart Hall. American 
and foreign guests are invited. 

Dr. R. A. Millikan (M’22) director, 
Norman Bridge Laboratory of Physics, 
and chairman of the executive council, 
California Institute of Technology, Pasa- 
dena, is chairman of the International 
Union of Pure and Applied Physics. Dr. 
F. K. Richtmyer, chairman of the division 
of physical science, National Research 
Council, Washington, D. C., is chairman 
of the American section of the I.U.P.A.P. 
The program is announced as follows: 


THE BROADER ASPECTS OF THE INTERNATIONAL 
SyMBOLS, UNITS, AND NOMENCLATURE COMMITTEE’S 


Northern Part of “A Century of Progress, Chicago 1933 World's Fair 


Looking west toward the mainland, the downtown section of Chicago may be seen in the upper right hand corner of this 


aerial view. 


On the mainland of the exposition grounds, from right to left, may be found the aquarium, Soldiers’ Field 


stadium, a tower of the “skyway,” hall of science, and general exhibits buildings. On northerly Island, in the foreground 
is the other tower of the skyway, to the right of which is the U.S. Government building, agricultural building, and plane- 
tarium, while to the left of the tower is the hall of social science, the long communication building terminating at its southern 
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end in the semicircular electrical building 


421 


Activities, Sir Richard Glazebrook, chairman of 
the international S.U.N. committee. 


Macnetic Unirs, Henri Abraham, professor of 
physics at the Sorbonne, and general secretary of 
the I.U.P.A.P. 

MATHEMATICAL CONSIDERATIONS UNDERLYING 
THE FORMULATION OF THE ELECTRICMAGNETIC 
EQUATIONS AND THE SELECTION OF Units, Leigh 
Page, professor of physics, Yale University. 


A DerINITIVE SySTEM oF UNITS, George A. 
Campbell, American Telephone and Telegraph 
Company. 

Tue EsTABLISHMENT AND MAINTENANCE OF THE 
ELECTRICAL Units, Harvey L. Curtis, physicist, 
U. S. Bureau of Standards. 


PosstsLE EXTENSIONS OF THE EXISTING INTER- 
NATIONAL SERIES OF ELECTRIC UNITS (OHM, VOLT, 
AMPERE, COULOMB, FARAD, HENRY, JOULE, WATT) 
Intro a CompiereE AssoLtuTe System, A. E. 
Kennelly, professor emeritus of electrical engi- 
neering, Harvard University. 


Directors Meet at 
Institute Headquarters 


The regular meeting of the board of 
directors of the American Institute of 
Electrical Engineers was held at Institute 
headquarters, New York, May 22, 1933. 

There were present: President—H. P. 
Charlesworth, New York, N. Y. Past- 
presidents—W. S. Lee, Charlotte, N. C.; 
C. E. Skinner, Wilkinsburg, Pa. Vzce- 
presidents—J. Allen Johnson, Buffalo, N. Y.; 
W.B. Kouwenhoven, Baltimore, Md.; E.B. 
Meyer, Newark, N. J. ~Directors—A. B. 
Cooper, Toronto, Ont.; A. E. Knowlton, 
New York, N. Y.; F. W. Peek, Jr., Pitts- 
field, Mass.; C. E. Stephens, New, York 
N. Y.; A. C. Stevens, Schenectady, N. Y.; 
R. H. Tapscott, New York, N. Y.; H. R. 
Woodrow, Brooklyn, N. Y. National 
Treasurer—W. 1. Slichter, New York, N. Y. 
National Secretary—H. H. Henline, New 
York, N. Y. 

Approval was given to the minutes of 
the meeting of the board of directors held 
January 25, 1933, and to the minutes of 
the executive committee meeting held 
March 15, 1988. 

A report of a meeting of the board of 
examiners held May 17, 1933, was presented 
and approved. Upon the recommendation 
of the board of examiners, 6 applicants 
were transferred to the grade of Fellow; 
5 applicants were elected, and 7 were 
transferred, to the grade of Member; 
160 applicants were elected to the grade of 


Associate; 72 Students were enroiled. 
The finance committee reported ap- 
proval, for payment, of monthly bills 


amounting to $15,595.73. Report approved. 

The national secretary reported 3,226 
members in arrears for dues for the fiscal 
year which ended April 30, 1933, and was 
directed to remove these names from the 
mailing list after the distribution of the 
June and July issues of ELecrricaL Encr- 
NEERING, and to employ the usual methods 
of collecting the dues and restoring the 
members to the active membership list. 

On account of actions taken by the 
board of directors in making the necessary 
reductions in Institute expenditures and 
in order to provide the flexibility which is 
essential in such times as the present, the 
following amendments to the Institute 
bylaws were adopted: 
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Sec. 50 was amended to read as follows: 


“Sec. 50. The expenditures for transportation of 
Section delegates as referred to in the constitution, 
and for all other committees or activities for which 
such appropriations are provided by the board of 
directors, shall be paid from the Institute treasury 
at such rate per mile, one way, from the place of 
residence to the meeting place, as may from time 
to time be determined by the board of directors.” 


Sec. 103 was amended to read as follows: 


“Sec 103. An alphabetical and geographical] list 
of members shall be published annually, or at 
such longer intervals as may be designated by the 
board of directors. The grade of each member 
shall be indicated in either list, or both, by a differ- 
ence in type or otherwise, at the National Secre- 
tary’s discretion. This list, usually in the form of a 
year book, shall be sent to any member, without 
charge, upon receipt of request.”’ 


Upon the recommendation of the com- 
mittee on Student Branches, authority was 
granted for the organization of a Student 
Branch of the Institute at South Dakota 
State College, Brookings. 

In accordance with a recommendation 
of the executive committee of the North 
West District, it was decided to postpone 
for one year the Pacific Coast Convention 
which was to have been held in Salt Lake 
City in September 1933. 

Upon the recommendation of the com- 
mittee on coordination of Institute ac- 
tivities, a schedule of meetings for the 
year 1934 was adopted, including the 3 
national conventions, namely, the winter 
convention, New York, January 23-26, 
the summer convention in June (location 
to be dicided later), and the Pacific Coast 
convention, Salt Lake City, in September; 
no District meetings were scheduled. 

It was voted that in connection with 
national conventions and District meetings 
a minimum registration fee of $2 be charged 
non-members in attendance, excepting the 
wives of members; the proceeds to be used 
to help defray the convention expenses of 
trips, entertainment, etc., managed by the 
local committee. 

A report of the technical program com- 
mittee on a statement of policy and pro- 
cedure covering the presentation of papers 
by non-member authors at Institute meet- 
ings, was presented and approved. 

Upon the recommendation of the stand- 
ards committee, it was voted that the 
A.I.E.E. Standard No. 37 (illuminating 
engineering nomenclature and _ photo- 
metric standards) be withdrawn, inasmuch 
as it has been superseded by a revision 
developed by the Illuminating Engineering 
Society and approved as an American 
standard by the American Standards 
Association, and the question of standardi- 
zation of vacuum tubes for industrial 
purposes was referred to the electrical 
standards committee for consideration. 

The annual report of the board of di- 
rectors for the fiscal year ended April 30, 
1933, as prepared under the direction of 
the national secretary, was approved for 
presentation at the annual meeting of 
the Institute, in Chicago, June 26, 1933. 

The national treasurer presented a re- 
port covering the fiscal year just closed, 
and annual reports were received from the 
general standing committees (exclusive of 
the technical committees), abstracts of 
which were incorporated in the annual 
report of the board of directors. 


A report was presented of the committee 
on award of Institute prizes on the awards 


Pacific Coast 
Convention Postponed 


Acting upon the recommendation 
of the executive committee of the 
North West District (No. 9), the 
Institute’s board of directors at its 
regular meeting May 22, 1933, 
sanctioned the postponement of the 
1933 Pacific Coast convention until 
1934. The meeting, originally sched- 
uled for Salt Lake City, Utah, 
September 4-8, 1933, is now tenta- 
tively scheduled for the same place 
and approximately the same dates 
next year. 

A new program of technical papers, 
of course, will be developed for the 
1934 convention. Since the closing 
date for the receipt of manuscripts 
for the proposed 1933 convention 
was set at June 4, most of the 
manuscripts originally scheduled for 
presentation at Salt Lake City this 
year already have been completed. 
Subject of course to the usual 
rotttine in technical review, and to the 
action of the publication committee, 

these papers will be published in 
ELECTRICAL ENGINEERING and prob- 
ably also in the Transactions. In 
lieu of the usual opportunity for 
formal discussion in connection with 
the presentation of the papers, 
formal written discussion of the 
various papers as published may be 
prepared and forwarded to the 
Institute’s editorial department in 
the usual way, to receive the usual 
consideration. 


of national prizes for papers presented in 
1932 (published elsewhere in this issue). 

In accordance with Sec. 37 of the con- 
stitution, consideration was given to the 
appointment of a national secretary for 
the administrative year beginning August 
1, 1983; and National Secretary H. H. 
Henline was reappointed. 

The board ratified the charter and rules 
of procedure of the Engineers’ Council for 
Professional Development, which was or- 
ganized in October 1932 in accordance 
with the plan and procedures approved by 
the A.I.E.E. and 6 other engineering 
organizations. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Another Pioneer in Elec- 
trical History Passes On 


Another reminder of the fact that inti- 
mate personal connections with the pioneers 
of the electrical industry in America are 
rapidly being severed, is brought to light in 
the receipt of the notice of the death of C. E. 
Doolittle (A’95, M’10, F’12, and Member 
for Life) recorded in the obituary columns 
of this issue. 
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It is reported that in the spring of 1887 
the Roaring Fork Electric Light and Power 
Company, of which Mr. Doolittle was the 
electrical and hydraulic engineer, installed 2 
40-kw generators for incandescent lighting 
in the town of Aspen, Colo., thus making 
this town the first in America to have its 
dwelling houses as well as its streets and 
business houses lighted by electricity from 
_ water power. Many original problems had 
to be solved at that time, one of the most 


important of which was the controlling of 
the speed of a waterwheel under great in- 
stantaneous load changes and with a high 
head of water. At the Roaring Fork 
plant, a head of 876 ft is recorded, and a 
“differential governor’’ invented by Mr. 
Doolittle was used successfully at that and 
other hydroelectric plants. Many unusual 
problems in mining engineering, especially 
as related to hoists, also were solved through 
the inventive genius of this pioneer. 


North Eastern District Holds 
Ninth Annual Meeting at Schenectady 


Wrru a total official registration of 431 
persons, the ninth annual meeting of the 
North Eastern District held May 10-12, 
1933, in Schenectady, N. Y., added another 
to the District’s long record of successful 
meetings. In part, the high registration 
and the keen interest in the various sessions 
was due to the efforts of the program com- 
mittee to include in the program of forinal 
papers more than the ordinary proportion 
of those dealing with subjects of broad 
general interest such as aviation and air 
conditioning, and fewer of those dealing 
with highly specialized subjects and of cor- 
respondingly restricted interest. The rela- 
tively central and easily accessible location 
of Schenectady with respect to the other 
centers of Institute activity in the North 
Eastern District also undoubtedly was re- 
flected in the attendance total and diver- 
sity. Another inspiring feature of striking 
strength in connection with the program of 
the Schenectady meeting was the continua- 
tion of the District’s aggressive policy of 
promoting student participation in Institute 
affairs. The student session at Schenec- 


tady drew by far the heaviest attendance 
of any technical session, and those in 
attendance were well rewarded for their 
time. 


TECHNICAL PROGRAM 


Aside from minor modifications, the tech- 
nical program was pursued in accordance 
with the outline published in the April 
issue of ELECTRICAL ENGINEERING. Offici- 
ating at the opening session was E. E. John- 
son, chairman of the Schenectady Section, 
who, briefly welcoming the visitors to 
Schenectady, wasted no time on formalities, 
and promptly called upon J. Allen Johnson, 
Institute vice-president representing the 
North Eastern District, who addressed the 
gathering inspiringly on his topic ‘‘Pro- 
fessional Advancement—A Reappraisal of 
the Value of Institute Membership.” Mr. 
Johnson in his theme touched briefly upon 
some of the many advantages, tangible and 
intangible, direct and indirect, that accrue 
to members of the Institute. He empha- 
sized forcefully the 2 thoughts: that the 


Hall of Science at the Chicago 1933 World’s Fair 
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more a member participates in Institute 
affairs, the greater the member’s own selfish 
return thereform, and that the possible 
ratio of return to the individual member is 
in the approximate order of 15,000 to 1. 

Professor Karapetoff of Cornell Univer- 
sity, in his scheduled talk ‘““How Are the 
American Colleges of Engineering to Adapt 
Themselves to the Changed Conditions in 
Industry?’ urged a drastic, if necessarily 
gradual, modification in the field of engineer- 
ing education. Professor Karapetoff’s 
theme was that engineering education has 
become entirely too closely and directly 
geared to the technical demands of industry, 
the meeting of which demand on a “mass 
production basis’ has tended to injure 
seriously the satisfactory thoroughness of 
engineering education, whereas a return to 
the basic concepts of higher education would 
enable a scientific training with more at- 
tention to cultural and sociological develop- 
ments, resulting in an engineering profession 
better able to discharge the responsibilities 
falling upon it through the evolution of 
society. 

Presiding at the various technical sessions 
were: R. E. Doherty, selected subjects; 
F. M. Ryan, aeronautics; A. R. Stevenson, 
Jr., air conditioning; and A. E. Knowlton, 
reactive power. The session on air condi- 
tioning was held at Rice Hall in the engi- 
neering laboratories building of the General 
Electric Company; all other sessions were 
held in the Van Curler Hotel ballroom. 


STUDENT SESSION 


In keeping with the precedent established 
by the North Eastern District at its previous 
meetings, an entire technical session was 
devoted to the presentation of student 
papers, which session drew an attendance 
of some 250, the highest of any session. 
The papers scheduled for presentation were: 

SpEED CONTROL OF D-C Morors WirH TuyrRa- 


TRON TuBEs, Lester M. Lang, Rhode Island State 
College. 


AN INVESTIGATION OF RESONANCE IN NON- 
LINEAR CrRcuITs, Frank Reintjes, Rensselaer 
Polytechnic Institute. 


THE DESIGN OF A PiToT TUBE FOR THE MEASURE- 
MENT OF AIR VELOCITIES IN ELECTRICAL Ma- 
CHINERY, John P. Gonzals, University of Maine. 

INVESTIGATION OF THE CONTINUOUS AND A-C 
CHARACTERISTICS OF HiGH VOLTAGE Cases, Eric 
A. Walker, Harvard University. 


Rapvio GROUND-RAyY ATTENUATION OVER 
LimMITED Distances, Harold F. Lorenz, Worcester 
Polytechnic Institute. 


INSTANTANEOUS RECORDING OF BLANK METAL 
Disks, Joseph W. Conn and William Shepherd, 
Cornell University. 


A Stupy oF Mercury Swircues, H. L. Ander- 
son and E. L. Angell, Brown University. 


A Rapio CONTROLLED Mopet Yacut, R. H. 
Packard, Harvard University. 


AN AUTOMATIC VOLTAGE REGULATOR, N. B. 
Krim, Massachusetts Institute of Technology. 


Cosmic Rays, W. P. Overbeck, Massachusetts 
Institute of Technology. 


SoME SHORT-CIRCUIT CHARACTERISTICS OF A 
3-Kw TRANSFORMER, G. E. Signor, Worcester 
Polytechnic Institute. 


A Srupy OF THE TELEGRAPHONE, C. A. Freeman 
and N. G. Levesque, Brown University. 


PHOTOELECTRIC CELL DAMPER CONTROL, H. W. 
Meminott and H. H. Morefeld, Brown University. 
A keen interest was displayed in each 
of these papers, exemplified by the close 
attention to the presentations, and the ac- 
tive discussion following. Following their 
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presentation, the judges after some difficulty 
announced the prize winning papers, based 
on oral presentation only, as: 


First, Lester M. Lang, Rhode Island State College. 
Second, N. B. Krim, Massachusetts Institute of 
Technology. 
Third, H. L. Anderson and E. L. Angell, Brown 
University. 


An especially valuable feature of the 
Student sessions held at District meetings 
was felt to be the contacts which the students 
could make with engineers. 


ENTERTAINMENT 


Inspection trips and entertainment fea- 
tures, both for men and for women, offered 
a variety of activity very nicely rounding 
out the meeting program, without crowding 
it. Special attention was given to enter- 
tainment features for women guests, in- 
cluding social affairs Wednesday afternoon 
at the Hotel Van Curler and Friday after- 
noon at the Mohawk Country Club, and 
interesting sightseeing trips to neighboring 
points of interest. In addition to golf and 
other entertainment features, special ac- 
tivities for men included luncheon Thurs- 
day as the guests of the General Electric 
Company, and a special luncheon Friday 
for students and student counselors. 

Entertainment affairs designed for both 
men and women included 2 special demon- 
strations at Rice Hall and, of course, the 
annual dinner held Thursday evening at the 
Van Curler Hotel. In a demonstration at 
Rice Hall Wednesday evening, a most 
interesting discourse was delivered by 
C. W. Stone (A’03, F’12) consulting engi- 
neer for the General Electric Company, 
who outlined a few of the many dramatic 
steps in the development of talking motion 
pictures, including references to some of the 
baffling human and _ scientific problems 
involved. Following Mr. Stone’s interest- 
ing address those in attendance were treated 
to the first presentation before an Institute 
body of the first 4 ‘‘volumes”’ of a proposed 
sound-film record of Institute past-presi- 
dents. Appearing in succession on the 
screen, in monologue and dialogue were 
Dr. A. E. Kennelly (president 1898-1900), 
Dr. Elihu Thomson (president 1889-94), 
E. W. Rice, Jr. (president 1917-18) and 
Dr. C. F. Scott (president 1902-3). These 
first 4 films are the outcome of the efforts 
of one of the 2 groups that have under- 
taken the recording project, the purpose of 
which is to secure film records of all living 
past-presidents of the Institute. Judging 
by the enthusiasm of those who witnessed 
this presentation, the work should be carried 
forward to early conclusion. It is con- 
templated that the films then will be avail- 
abe through Institute headquarters for use 
by the various Sections. 

The Friday evening demonstration in 
Rice Hall was given by L. A. Hawkins 
(A’03, M’13) whose radio dissertations 
and scientific developments are known to 
many. 

The formal keystone in the figurative 
entertainment arch was the annual dinner 
and subsequent dance held Thursday eve- 
ning. Speakers included J. A. Johnson, 
District vice-president, and President H. P. 
Charlesworth, both of whom spoke briefly 
on Institute affairs. Closing the formal 
program, A. C. Stevens, secretary-treasurer 
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for the North Eastern District, presented 
citations and prize awards for 1932 papers 
presented at Providence District meeting, 
as follows: 

1. Student Branch prize.—Awarded jointly to 
D. W. Mack for his paper ‘‘A Super Heterodyne 
for Long Distance Television Reception,” and to 
W. S. Bachman and E. M. Wolf for their paper 
“The Development of a Practical Television Re- 
ceiver.”’ 


2. District first-paper prize-—Awarded jointly 
to S. B. Crary, Jr. and M. L. Waring for their 
paper ‘‘Torque-Angle Characteristics of Synchro- 
nous Machines Following System Disturbances.” 


3. District best-paper prize—Awarded to Miss 
Edith Clarke for her paper entitled ‘‘3-Phase Multi- 
ple Conductor Circuits.’’ 


REGISTRATION 


The official registration at Schenectady 
perhaps is more complete than for many 
other District meetings, a fact contributed 
to by the elimination of the usual registra- 
tion fee. In lieu of registration a neat 
little book of tickets was sold at $2.50 to 
all those wishing it, providing entrée to all 
activities including the annual dinner and 


Institute Prize Awards 


dance. Supporting something entirely new 
in the annals of District meetings, the 
Schenectady book of tickets comprised a 
small 2-ring vest pocket loose-leaf binder 
containing an inside cover paster identifying 
it in connection with A.I.E.E. activities, 
and including, in addition to blank sheets 
for convenient note taking, a set of colored 
printed sheets which served collectively as 
a convenient reference program of events, 
and served individually as entrance tickets 
for events. These tickets were collected 
only for the dinner and dance, but afforded 
the opportunity for collection at each of 
the affairs if it had been desired to have an 
accurate record of actual attendance. 

Total registration figures as finally 
analyzed revealed the following details 
concerning attendance: 


Student-metnbersss.5- 1a ieee sles ieieiel ane teres 150 
Student) ztlests voiarlaicles stelerotera shale atele rs ahttoters 48 
Schenectady members.....0.2...:...02-sc0-6 76 
Schenectady, gulestScm.a-iei recreates altel 14 
@ut-of-towi members. ser pens eyelets cheeses cere 112 
Out-of-towi gtestsS nc cciicll~ ciel sterner 16 
Women guests.........cc ccs rececccecrrecs 15 

Total c ayayars eres wa ose eisuna forts saves horehehate 431 


Announced for 1932 Papers 


Five national prizes for papers presented 
during the calendar year 1932 have been 
announced by the committee on award of 
Institute prizes, which consists of W. H. 
Harrison (F’831) chairman, Chester W. Rice 
(F’12) and E. B. Meyer (F’27). These 
prizes in each case consist of a suitable 
certificate. Personal presentation of the 
prizes will take place at the opening session 
of the Institute’s summer convention at 
Chicago, Ill., June 26-30, 1933. 

District prizes as announced by 4 Districts 
include 4 awards of $25 each, together with 
appropriate certificates. Where there is a 
joint authorship the cash awards are divided. 


NATIONAL PRIZES 


Brest PAPERS 


Prize for best paper in engineering practice was 
awarded to K. W. Miller (M’29) and F. O. Wollas- 
ton (H’27) for their paper ‘““Thermal Transients 
and Oil Demands in Cables,’ presented at the 
Middle Eastern District meeting, Baltimore, Md., 
Oct. 10-13, 1932. 


Honorable mention was made of the following 
papers: ‘“‘Stability of Conowingo Hydroelectric 
Station, Philadelphia Electric Company System,” 
by R. A. Hentz (F’29) and J. W. Jones (A’25), 
presented at the winter convention, New York, 
N. Y., January 25-29, 1932; and ‘Generalized 
Stability Solution for Metropolitan Type Systems,”’ 
by S. B. Griscom, W. A. Lewis (A’28) and W. R. 
Ellis (A’25), presented at the winter convention, 
New York, N. Y., January 25-29, 1932. 


Prize for best paper in theory and research 
awarded to J. B. Whitehead (F’12) and Alfredo 
Banos, Jr. (A’31) for their paper ‘‘Predetermination 
of the A-C Characteristics of Dielectrics,” pre- 
sented at the winter convention, New York, N. Y., 
January 25-29, 1932. 


Honorable mention was made of the following 
papers: “‘The Photoelectric Recorder,” by C. W. 
LaPierre (A’29) presented at the winter conven- 
tion, New York, N. Y., January 25-29, 1932; 
“Vertically Cut Sound Records,” by H. A. Fred- 
erick (F’28) and H. C. Harrison (A’19) presented 
at the summer convention, Cleveland, Ohio, 
June 20-24, 1932. 


Prize for best paper in public relations and educa- 
tion awarded to R. E. Doherty (M’27) for his 
paper ‘‘Educational Aspects of Engineering and 
Management,’”’ presented at the summer conven- 
tion, Cleveland, Ohio, June 20-24, 1932. 

Honorable mention was made of the paper 
“Engineering Subjects, Electrical and Cognate, in 
the 4-Year College Program of Electrical Engi- 
neering,” by Alfred H. Lovell (M’13) presented at 
the summer convention, Cleveland, Ohio, June 
20-24, 1932. 


INITIAL PAPER 


Prize for initial paper awarded to S. B. Crary 
(A’31) and M. L. Waring (A’29) for their paper 
“Torque-Angle Characteristics of Synchronous 
Machines Following System Disturbances,’’ pre- 
sented at the North Eastern District meeting, 
Providence, R. I., May 4-7, 1932. 


Honorable mention was made of the following: 
“Equivalent Circuits—I,’”’ by Frank M. Starr 
(A’30) presented at the winter convention, New 
York, N. Y., January 25-29, 1932; ‘Characteristics 
of Surge Generators for Transformer Testing,” by 
P. L. Bellaschi (A’29) presented at the summer 
convention, Cleveland, Ohio, June 20-24, 1932. 


BRANCH PAPER 


Prize for branch paper awarded to T. M. Austin 
and F. W. Cooper (A’31) for their paper ‘“‘The 
Application of Inductive Non-Linear Circuits to 
Some Electrical Engineering Problems,’”’ presented 
at the joint meeting of the Denver Section and the 
University of Colorado Branch, April 29, 1932. 


Honorable mention was made of the following 
papers: “A New Wattmeter for Communication 
Circuits,’”? by K. R. Eldredge, presented at a joint 
meeting of the Portland Sections of the A.I.E.E. 
and N.E.L.A., and the Oregon State College 
Branch, May 21, 1932; and “A New Method for 
Measuring Angular Displacements,’’ by Leo 
Mundell, and W. C. Spear, at a meeting of the 
University of Colorado Branch, May 18, 1932. 


DISTRICT PRIZES 


District No. 1 


Prize for best paper awarded to Edith Clarke 
(A’23) for her paper ‘‘Three-Phase Multiple 
Conductor Circuits’? presented at the North 
Eastern District meeting, Providence, R. L., 
May 4-7, 1932. 
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Honorable mention was made of the paper 
“The Solution of Circuits Subjected to Traveling 
Waves” by H. L. Rorden (A’30), presented at the 
North Eastern District meeting, Providence, R. I., 
May 4-7, 1932. 


Prize for initial paper awarded jointly to S. B. 
Crary, Jr. (A’31), and M. L. Waring (A’29) for 
their paper “Torque Angle Characteristics of 
Synchronous Machines Following System Disturb- 
ances” presented at the North Eastern District 
meeting, Providence, R. I., May 4-7, 1932. 

Prize for Branch paper awarded jointly to the 
following: D. W. Mack for his paper “A Super- 
heterodyne for Long Distance Television Recep- 
tion’ and W. S. Bachman and E. M. Wolf for their 
paper ‘‘The Development of a Practical Television 
Receiver,’’ both presented at the North Eastern 
District Meeting, Providence, R. I., May 4~7, 1932. 


District No. 7 


Prize for best paper awarded to C. P. Potter 
(F’29) for his paper ‘‘Heating and Overload Pro- 
tection of Polyphase Motors’’ presented at St. Louis 
Section meeting, April 20, 1932. 

Prize for Branch paper awarded to B. E. Lowe 
for his paper ‘‘Economics of Rural Line Distribu- 


Doctor Free Advises 


tion’’ presented at the South West District Student 
Conference, Norman, Okla., October 21, 1932. 


Disrricr No. 6 


Prize for Branch paper awarded jointly to Irwin 
Olcott and E. R. Gaerttner for their paper ‘‘Mag- 
netism and Diamagnetism’”’ presented at Student 
Night of the Denver Section, April 29, 1932. 


District No. 10 


Prize for best paper awarded to E. M. Wood 
(M’25) for his paper ‘‘“Some Notes on Modern 
Relay Protection’ presented at Toronto Section 
meeting, November 25, 1932. 


Prize for initial paper awarded to E. Geoffrey 
Cullwick (A’26) for his paper “Theory of the 
3-Wire D-C Generator With Two-Phase Static 
Balancer” presented at Vancouver Section meeting, 
February 1, i932, and at Pacific Coast Convention, 
Vancouver, B. C., August 30-September 2, 1932. 


Prize for Branch paper awarded to J. W. McRae 
for his paper ‘‘The Parallel! Type Thyratron In- 
verter” presented at Student Night of the Van- 
couver Section, May 7, 1932, and at the Pacific 
Coast Convention, Vancouver, B. C., August 30- 
September 2, 1932. 


Engineers to Be Independent 


Ar the afternoon meeting of the Student 


Branch convention held in New York, N. Y., 
April 28, 1933, an address was given by Dr. 
E. E. Free, consulting engineer and lec- 
turer, on ‘Outlines of Science”’ at New York 
University, in which he stated that the 
successful business man of the near future 
will probably be an engineer trained in 
exactness and fact-finding, but equipped 
with an adequate knowledge of business 
methods and systems. Excerpts from 
Doctor Free’s address follow: 

“The outlook for engineering graduates is 
hopeful, but their place in the next business 
cycle will be quite different than in the past. 
Depressions usually mark sweeping changes 
in the conduct of business and college 
students should be advised to try and see 
just what changes the present depression 
is going to impose on the business and 
industrial structure of the country and to 
discover, if possible, what opportunities 
will exist in the next few years. 

“The present business situation con- 
stitutes, of course, a major depression and 
business readjustment quite different from 
any of the fluctuations which we have had 
in this century. The last approximate 
equivalent was the depression of the 
nineties. The last previous to that was the 
one in the seventies. It really is astonishing 
to note the substantial parallelism between 
these 3 depressions. In each instance there 


“was in the beginning an excess of optimism 


and a feeling that the depression soon would 
pass. In each instance this was followed by 
a phase of pessimism, culminating in panic 
extreme enough to cause a banking crisis. 
In each instance there has been demand for 
inflation; yielded to in the seventies with 
disastrous results, resisted in the nineties 
but perhaps with no better results. What is 
happening at present is, of course, the 
business of a prophet, not of me. 

“The chief matter of interest from our 
viewpoint today is, however, the fact that 
these major depressions always leave the 
country with a quite different business 


JUNE 1933 


world from the one in which they found it. 
The depression of the seventies started the 
thing called “big business.’’ The depression 
of the nineties was the beginning of the 
present corporate organization in which 
most of the industrial activity of the country 
is owned by silent shareholders and man- 
aged by elected officials; an industrial 
system which has been severely criticized 
during the past few years, probably with 
justice. 

“We are not concerned, however, about 
the changes which the past depressions 
brought about. What does concern us is an 
attempt to foresee, if it be possible at all, 
some of the changes which the present 
depression will cause; some of the things 
which young engineers and young college 
graduates generally must take into ac- 
count in planniug what they will try to do 
with their lives. Any such attempts 
venture, of course, upon the dangerous 
field of prophecy. It seems clear, however, 
that at least one change is reasonably 
certain. The rule of the salesman is over. 

“Young people who have grown up during 
the past 20 years probably have difficulty 
in imagining any large business in which the 
emphasis is placed upon anything else than 
salesmanship and advertising. It has been 
the star salesmen who got the star salaries. 
It has been the successful maker of slogans 
whose advice was sought and who got the 
major share of the profits. It is worth 
remembering, however, that this has not 
been so always. 

“These major depressions may be re- 
garded, in a quite real sense, as marking 
business generations. Business customs are 
born, become mature, and die just as the 
birth and death of individuals mark the 
generations of the public. The business 
generation between the seventies and the 
nineties was dominated by industrial de- 
velopment. Then it was the organizer and 
engineer whose advice was foremost and 
whose salaries were largest. 


“The last business generation, which 


now is ending, was dominated by sales- 
manship. Production already had reached a 
large mark. Competition centered in 
getting rid of manufactured articles, not in 
producing them. The salesman had his 
innings; but, like all innings, they have 
come to an end. 

“Another thing that seems reasonably 
certain is that the era of the great business 
also is passing. The advantages of a 
billion dollar organization are much more 
evident in sales, public prestige and similar 
matters, than they are in the actual con- 
duct of the business itself. As salesmanship 
becomes less important the power of these 
advantages declines. 

“Another disadvantage of the bigbusiness 
has become evident recently. This is the 
disadvantage of committee management. 
The size of a business which any one man 
can manage is strictly limited. If the busi- 
ness grows beyond this size, many men must 
be associated in the management. To meet 
this problem business has invented the 
device of executive committees, boards of 
directors, and the like. There are un- 
questionable advantages in this system, 
but one definite disadvantage in that initia- 
tive is stifled. Any one who has sat on 
committees of any kind is aware that the 
‘no-man’ is more powerful than the ‘yes- 
man.’ If some one proposes a new and per- 
haps useful plan, this must run the gauntlet 
of opposition from every member of the 
board or committee. If any one opposes, the 
plan is dropped. 

“We must not minimize the great ad- 
vantage of this for certain purposes. It 
prevents mistakes. For a business which is 
well established and unchanging in an 
unchanging world, this method is ideal. 
That is why it usually works with some 
success in banking since banking is a 
business that changes little and tries, so far 
as it can, to ignore changes in other busi- 
nesses. A major depression, however, 
usually sweeps away all businesses, even 
banks, which cannot adjust themselves to 
new conditions. The places of these 
casualties are taken, usually, by smaller 
businesses, directed by single individuals, 
able to make changes quickly, to move 
rapidly and to keep up with emergencies. 
It seems probable, therefore, that the 
successful businesses of the next business 
generation will be organized in smaller 
units directed by a single individual or, at 
most, by a small, cohesive group. 

“As purely academic discussion of the 
business situation this has but little interest. 
The reason for devoting time to it is to see 
how this may affect the chances of college 
graduates in engineering to get jobs. 
On the whole, I think the outlook is hope- 
ful, but in a different way from the way to 
which young graduate engineers have 
become accustomed during the business 
generation that has passed. The past 
method usually was to get a job with one 
of the large corporations. That now is 
impossible, and may remain impossible. 
The opportunities now, if I am right, are in 
small businesses. Such businesses need 
scientific and engineering help just as much 
as large businesses do, but they are unable 
to build up the expensive research de- 
partments to which we are accustomed. 
The necessary substitute is 1 or 2 young 
scientific men in each business reasonably 
well trained in engineering but also well 
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trained in the practical requirements of the 
business. This seems to me to be the great 
coming opportunity for young engineers. 

“Tt is obvious that something in addition 
to engineering training is required. This 
something is business training. The pre- 
scription for young engineers out of jobs is, 
therefore, either college education in busi- 
ness or some actual business job where the 
operations of practical business policies 
may be observed and absorbed. 

“Best of all, there seems at least a 
possibility that young engineers now 
entering business may have the best of all 
opportunities; the opportunity to build and 
own a business of their own. Small business 
men have had a hard time in life during 
the business generation that is passing. 


Many of them have vanished from the 
scene. My thesis is that this no longer 
will be true; that small business men now 
will have substantial advantages over 
large businesses, even in competing lines. 

“The engineer trained in exactness, in 
fact-facing, in the need of obtaining full 
knowledge before making decisions, has 
what probably is the best training for the 
management of a business; provided he 
adds to it such elementary knowledge of 
business methods and systems as every 
successful business man must possess. 
There is no reason why the new crop of 
successful small business men which I 
foresee for the coming business generation 
should not be composed, in considerable 
degree, of young engineers.” 


Section and Branch Activities 
Summarized in Annual Report for 1932-33 


In PLACE OF the annual pamphlet re- Table I—Section Meetings Held During Last 


port that previously has been prepared 
and distributed to a limited extent, the 
accompanying information summarizes com- 
prehensively that important portion of 
Institute activities that falls under the 
jurisdiction of the Institute’s committees 
on Sections and Student Branches. The 
period covered is the fiscal year ending 
April 30, 1938. Similar information for the 
fiscal year ending April 30, 19382, was pre- 
sented in ELECTRICAL ENGINEERING for 
October 1932, p. 738-40. 

The Sections committee of the Institute 
is composed of Everett S. Lee, chairman; 
W. B. Kouwenhoven, G. H. Quermann, 
J. J. Shoemaker, I. M. Stein, W. H. Timbie, 
and, ex-officio, the chairmen of all Sections 
of the Institute. The Institute’s commit- 
tee on Student Branches is composed of 
W. H. Timbie, chairman; W. E. Freeman, 
F. O. McMillan, C. F. Scott, W. J. Seeley, 
and, ex-officio, all Student Branch coun- 
selors. 


SECTION ACTIVITIES 


During the fiscal year which ended April 
30, 1933, the Sections maintained the 
normal extent and variety of their activities, 
retaining all the special features developed 
during recent years. Outstanding examples 
of these are: the increased participation 
of their own members in the programs, the 
2 annual joint meetings of the Pittsfield and 
Schenectady Sections for the presentation 
of papers by younger members in competi- 
tion for prizes, the 4 technical groups of 
the New York Section and the power group 
of the Chicago Section, educational activi- 
ties, offering of prizes, and encouragement 
of cooperative relations with Branches. 

Special efforts were made by many Sec- 
tions to retain their members who had been 
seriously affected by the economic condi- 
tions, and much assistance was rendered to 
unemployed members. 

In connection with the plan approved by 
the board of directors in 1932 for the ap- 
pointment of a committee on transfers in 
each Section to encourage members who are 
qualified for the higher grades to submit 
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3 Fiscal Years 


Fiscal Year Ending April 30 


1931 1932 1933 

Number of Sec- 

TIONSY Fisyeie cere sus 59 Sen. COiR ss 60 
Number of meet- 

ings neldiiy.wesss 491 .. 497 .. 498 
Average number 

of meetings...... Sidine S532; 8.3 
Total attendance...108,523 ..105,325 ..73,806 
Average attend- 

ance per meet- 

ARS Oe kore ata ra tecete 22. 212s 4 © 448 


their applications for transfer and for the 
appointment of a national standing com- 
mittee on transfers to coordinate these 
efforts, many of the Sections appointed 
such committees which have been active 
in stimulating transfers. 

Detailed information on Section meetings 
during the past fiscal year is given in Table 
II, and Table I contains a brief summary 
covering meetings of the last 3 fiscal years. 


BRANCH ACTIVITIES 


The Student Branches of the Institute 
continued their activities on a normal scale 
during the fiscal year which ended April 
30, 1933, with the usual emphasis placed 
upon papers and talks by the Students, 
who presented a total of nearly 1,000, ex- 
clusive of a large number included in pro- 
grams of Student conventions and joint 
meetings with Sections. 

Events of the past year have added em- 
phasis to the importance of the selection of 
Branch officers who have the qualifications 
necessary for the best performance of their 
varied duties, and there are definite indica- 
tions that much progress in this direction 
has been made in recent years. 

At its meeting on December 6, 1932, held 
instead of the regular December meeting of 
the board of directors, the executive com- 
mittee authorized the organization of Stu- 
dent Branches at the George Washington 


Table II—Section Meetings Held During Year 
Ending April 30, 1933 
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University, Washington, D. C., and the 
University of Porto Rico, Mayaguez, Porto 
Rico. Both were organized promptly and 
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have been active. These brought the total 
number of Branches to 111, 

The committee on Student Branches is 
studying methods by which the number of 
Students enrolling in the Institute may be 
increased. 

Tables III to VII, inclusive, contain in- 
formation on Branch activities during the 
past fiscal year. 


SECTION AND BRANCH JOINT MEETINGS 


The many Sections which have in recent 
years established cooperative relations of 


Table III—Branch Meetings Held During Year 
Ending April 30, 1933 
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INKEON, WnIVersity Of... os6cass 3 
Alabama Polytechnic Institute. ..10 
Alabama, University of..........14 
Acizona University: Ofsu...e. 1.016... eae 
Arkansas, University of.......... 1Gse 4 28320443 
Armour Institute of Technology... 12 
British Columbia, Univ. of....... 8 
Brooklyn, Polytechnic Inst. of.... 8 
6 
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Bucknell University. . ee a cen & 
California Institute of “Tech.. Sets 2112 26 
California, University of.........23....158 .10 
Carnegie Institute of Tech....... Dre tO Ore varer aD 
Case School of Applied Science.... 4.... 67.... 2 
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Georgia School of Technology.... 9.... 51 
iMarvard Universityes erste oe Ove. 48.05. 2 
Idaho, University of............ Deer Sots ele 
PUNO wUMIVersiLy iO decane: LO ay DL doe 1 
Iowa State College.............. DiS 200 2-309 
Iowa, State University of........ DD ies MOD) a. oDO 
Kansas State College............ Vie #2) 69) 520 
Kansas, University of............ Oinite-. SD). eho 
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Webi gs By UO DIV.ELSLtYiaie.f aie) cya nce visiele © (Cerone Weems: 
MEG WAS I TISELE UCC pate cyeie ce ci wi ele) selsi 0) © UD 5 SUEY 
Louisiana State University....... 3 22 
Louisville, University of......... Oh ay VL ik as 10 
Maine, University of............ PARR poy A, 
Marquette University........... NOS type OO: 
Massachusetts Inst. of Tech...... 7.... 34.... 4 
Mich. Col. of Mining and Tech.... 9.... 40.... 3 
Michigan State College.......... TP eah Reo san lO 
Michigan, University of......... OMe CAS rte ee 
Milwaukee, School of Engg. of... 8.... 81.... 3 
Minnesota, University of........ Tee S43 O 
Mississippi State College......... Cian 28a nh eae 
Missouri School of Mines and Met. 2.... 24.... 1 
Missouri, University of.......... Smo ants. So 
Montana State College.......... Oe se Osos 
Nebraska, University of......... GE RAS ae li ete ost) 
Nevada, University of........... Asan lon eall! 
Newark College of Engineering...10.... 29.... 6 
New Hampshire, University of...26.... 28....44 
New Mexico, University of....... TOR cetyl lene 
New York, Col. of the City of.....15.... 44.... 1 
New York University.........+- Alert LO saeco 
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North Carolina State College.....12.... 45....145 
North Carolina, University of....10.... 38.... 6 
North Dakota Agr. College ...... Binge Le oete Lo 
North Dakota, University of..... LA oa. ZOE 
Northeastern University......... 1.... 40 
Notre Dame, University of....... LO iso 3 DO he aL 
Ohio Northern University........11.... 29.... 7 
Ohio State University........... Geena se es Ae’) 
OhionUniversitys scene aceite e OMe elena 
Oklahoma A. & M. College...... Give tao2 rho) 
Oklahoma, University of......... Cita too Caen 
Oregon State College............ ee fateeracht i | 
Pennsylvania State College...... Vist teh G we oO 
Pennsylvania, University of...... Dass se com Ke) 
Pittsburgh, University of........ G4) Le Obie weno 
Porto Rico, University of*,...... DbreticneL Ocns eer 
Pratt-Instituteseiacc cick saa teen LORE eh ein D 
Princeton University, wee are meee Lo eee 
PurdueyUniversitycmcaenecter Saeamlow 
Rensselaer Polytechnic Inst...... 6....2388 
Rhode Island State College...... dO mcpen LDtegs eo 
Rice Tnstibuters., «oa: ai teeieene Shimano 
Rose Polytechnic Institute....... i oO. Seek: 
Rutgers University.............. 1 gene od Rare 
Santa Clara, University of....... 4 36 
South Carolina, University of... .22 36. ...06 
So. Dakota State School of Mines.. 6.... 28 
So. Dakota, University of........ 1 Uae at (Bs 
Southern California, Univ. of.. 8 26 
Southern Methodist University. 8 24.. 5 
Stanford University. . SGiaiahe oad) 48.. 4 
Stevens Institute of Tech. pe irts ok 1 . 44 
Swarthmore College............. dere LO 
Sy ractselUniversitysce ano eee eee OO 
Tennessee, University of......... TO stot LO wt LO 
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Texas Technological College...... Ceres £20 eG) 
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Vermont, University of....5.:....138...,7 14....15 
Virginia Military Institute!......12.... 77....45 
Virginia Polytechnic Institute....24.... 42....57 
Virginia, University of.. .. ey OS ier Oe Cetera 
Washington, State College Oi ater we 5) 
Washingtom University. i. oa a eee a ee 
Washington, University of.......24.... 32....10 
West Virginia University........ Davee ear Ow 
Wisconsin, University of......... GitoeOtn as <O 
Worcester Polytechnic Inst...... Zane OD: 
Wyoming, University of......... 
Vale: Umiversity.cictn, sescee cays retens 

Total socsiigeees Wine selewkhe ate PUD ak seekers 985 

Total number of meetings......... 1,026 
Total attendance...........++++++09,439 


* Authorized by executive committee: December 
6, 1932. 


Table 1V—Branch Meetings Held During Last 
3 Fiscal Years 


Fiscal Year Ending Apri] 30 


1931 1932 1933 
Number of Branches 109 HOR as, TBE 
Number of meetings 
Held stio scorers << 1,137 1,135 .. 1,026 
Average number of 
MEETINGS ee core rerecnos 10.4.. 10.4.. 9.3 
Total attendance.....51,807 ..54,197 ..59,439 
Average attendance 
per meeting........ 4000 e ASie.. 58 
Number of student 
talks heroes eee tts 1,085 .. 1,066 982 


various types with neighboring Branches 
have maintained them and given much at- 
tention to methods of making them more 
beneficial to the students. During the past 
year, these cooperative activities have been 
appreciated by the students even more than 
in the preceding years. 

Outstanding examples of such cooperation 
during the year which ended April 30, 1933, 


Table V—Comparison of Branch Activities by 
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Table VI—Conferences on Student Activities 


District Location Date 
1...Providence, R. I. 
(North Eastern Dist. Mtg.)...... 5/6/32 
ih Norman, Okla. 
(Univ. of Oklahoma)....... 10/21-22/32 
4 Knoxville, Tenn. 
(Univ. of Tennessee)........12/1-3/32 
Table Vil—Student Conventions 
No. of 
Sponsored Student 
by District Location Date Papers 
1 ...Providence, R. I. 
(North Eastern Dist. Mtg.)...5/6/32.. 6 
8 & 9... Vancouver, B. C. Canada 
(Pacific Coast Conv.).......8/31/32..11 


7  ...Norman, Okla. 


(Univ. of Oklahoma)... .10/21—22/32..10 


4 ...Knoxville, Tenn. 
(Univ. of Tennessee).....12/1-3/32 12 
Phila. and 

Lehigh 

Valley 

Sections. . Drexel Institute......... 3/13/33.. 4 
3 (and 

New 

York Sec- 

tion) auNiew sor kiw..)4,.c esters eeeelatlenene 4/28/33... 3 


Table Vill—Section or Joint Section and Branch Meetings With Active Student Participation 


Student 
Sections Schools Date Talks Attendance 
Nebraska. cccciecce « UmivnotoNeb aanterteree stesieierers cuaiaiecerste Rieke saesnetenet UNAS lace veterans GAS 102 
WMontatia es eves. Mont.) otate Colvin. csisios mahi is ie ares aces 27] 9/38) voaautecar 1 Daerah ts 27 
Lowatasracetiireers Towa state. Colinas ctecicts ccotteretearars e srrleve auale SL 2S Oa uni ale agcihens Seer 85 
Los Angeles....... Calif. Inst. of Tech. 
Riv OLESOy CALitiNe wre . Whew fryevige cote Wate vceiaies ota eince wrt BSA SS) Aeolian Bocrihewer 163 
IN fay (Ceigellin leans apt Dke eles thon oorodk OM Ac} SOO CON OOO UAT OOO G AY SO RRO estate Laken 110 
@leveland .sescine Gases CHOOlOLHAD Pa: OClun ctarctevereteraveleteevele cieeis eketae A/20/ 83s cckis ose Zineens 130 
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are given in Tables VIII and IX. Inad- 
dition to the technical meetings listed, many 
joint dinner meetings and other activities 


‘of a fundamentally social character were 
sponsored by various Branches and Sec- 


tions. 


Table IX—Section or Joint Section and Student Meetings With Student Programs 


Student 
Sections Schools Date Talks Attendance 

Cincinnati. ....... MAT GS GE ASENO ee Coot wink sea en aia Sarees B/IS/S22 Sees Pa eee 80 
Oklahoma City... .Univ. of Okla. 

Gita: Ale ME Cab oe tenis cnie er eawi cee mia avons 5/16/82 <. hss cos Sis. <tc 80 
Toss en eee Ores State Coleen tame n aes wales aan ae eee 5/21 (32) =o. ee ee 125 
Pittsburgh. .......Carnegie Inst. of Tech. 

Univ. of Pittsburgh 

West Va. Univ...-..--.--- Bacciig ta sateratermrara miaiasal Perens 9/10/8322 ea Gass aisie on 185 
BiaeS ten <a ewe re MAB Chie OREO. ails ents Kanto ania akan a ola et We ET 5 See eee Ss ks oe 39 
PEE ICRTy eee, LATIEW.) OE WES. cu Sees wie SS oe ra wikig ms ote olcrels SP ROS SS contin wie «oie SIRENS 50 
ee rere Citise OF RE oO. 3 ec cee akin c oslo tanwe ad S/1IG/SS224 2.2 =< , 135 
San Francisco..... Univ. of Calif. 

Univ. of Santa Clara 

Stam lore Uilt Van sone nec nite oe he we inne ean ones 4f13/33. - 5332 - S ees 75 
Providence........ Brown Univ.* 

Rhede ds tte Col. an ance aeae meee te ee 4/25/33 C8 Secee Ger on esc 65 
Ce eee Colo. Schoo! of Mines* 

Colo. Agr. Col. 

Univ. of Colo. 

BERYL LICNVOE oe Solas wacic ks oicle Sea wana bates AJ2S (SS. ees os Bese eee 50 
Di ei hee Univ. of Ill. 

Purdue Univ. 

Rose Poly. Hist. oo oceans os cin SbleGiewis bow eno = Ve ES Pee f PAE Ror 33 


* No Branch. 


Guggenheim Medal 
in Aeronautics Awarded 


The Daniel Guggenheim Medal, recog- 
nizing “notable achievement in the develop- 
ment of aeronautics’? has been awarded for 
1933 to Commander Jerome Clarke Hun- 
saker, vice-president of the Goodyear- 
Zeppelin Corporation, Akron, Ohio. Com- 
mander Hunsaker was born in Creston, 
Iowa, in 1886, and graduated from the 
United States Naval Academy in 1908. He 
received the degrees of master of science 
and doctor of engineering from Massachu- 
setts Institute of Technology, Cambridge. 
He introduced the application of aero- 
dynamic research in the design of American 
aircraft, and designed the first modern nJn- 
rigid airship produced in the United States. 

Presentation of the Guggenheim Medal 
for 1932 will be made to Juan de la Cierva 
as a feature of Engineers’ Day at the 
Century of Progress Exposition in Chicago, 
Ill., June 28, 1983. The ceremony will 
take place at 10:30 a.m. in Soldiers’ Field 
included within the Exposition grounds. 


Booklet on the Valuation of Patents.— 
There has been prepared by G. H. Morse 
(F’22) a booklet entitled “The Valuation 
of Patents.” Divided into 2 parts, this 
discusses first patent valuation, and second 
application of principles. General princi- 
ples of the patent law and the relative de- 
sirability of different kinds of patents are 
discussed, and the methods whereby the 
value of a patent may be demonstrated are 
stated. Directions are given as how to 
proceed with a new invention. This book- 
let, 20 pages in length, can be obtained from 
the author, P. O. Box 271, Washington, 
D. C., at a cost of 25 cents postpaid. 
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Modern Connectors for 
Timber Construction 


The national committee on wood utiliza- 
tion of the United States Department of 
Commerce, with the desire to improve exist- 
ing wood-framing methods, made an ex- 
tensive survey of wood-construction meth- 
ods and joint details as practiced in Euro- 
pean countries. Through this survey data 
were collected on 60 types of wood and 
metal connectors. While some of the types 
are of theoretical interest only, a large 
number of those investigated are impor- 
tant, and their use will promote more eco- 
nomical designs for wooden structures. 

The purpose of the connectors is to im- 
prove the efficiency of the timber joint, 
which under systems of fastenings com- 
monly employed was the weak point in 
timber construction, and made it prac- 
tically impossible to develop the strength 
of many timber assemblies. Practical 
and economic means of securing relatively 
high efficiency in joint details has naturally 
given designers more latitude in the use 
of wood for many types of structures, and 
efficient systems of connectors by their abil- 
ity to develop more nearly the member 
strength have made possible the use of 
smaller sizes of timber, and even of timber 
having lower mechanical properties than 
formerly considered advisable. 

European engineers, although forced 
generally to use wood of lower strength 
properties than are common to the struc- 
tural species of the United States, have 
built long-span structures in large numbers 
by the use of connectors. These structures, 
of almost every conceivable type, have been 
erected abroad, and new structures are con- 
stantly appearing. Among them are nu- 
merous radio towers, one of which is 460 ft 
in height, bridges of considerable span, 


and an auditorium with a seating capacity 
of 75,000 persons. Modern pier buildings, 
railroad stations, locomotive shops, ware- 
houses, churches, and airplane hangars with 
a multiplicity of framing details furnish 
other examples of timber structures now 
being economically erected in Europe. 

Modern connectors are essentially dowels 
developed to a high degree of efficiency. 
They consist of rings, plates, or discs which 
are embedded in the faces of members to be 
joined, and are held in place by a central 
bolt. Connectors are embedded in the 
surface of the wood and distribute the load 
over a much greater area, thus increasing 
materially the joint strength. 

These structures built during the last 
decade have demonstrated the practicability 
of securing efficient joints. While their use 
in the past has been confined principally to 
European countries, these systems hold 
considerable promise for wider use in the 
United States after they become better 
known. 

Of the many kinds of connectors avail- 
able it appears that no one particular type 
is best under all conditions. Tests on the 
more promising types of connectors have 
been conducted at the United States Forest 
Products Laboratory. The results of these 
tests are published in a bulletin compiled 
jointly by the laboratory and the national 
committee on wood utilization of the 
United States Department of Commerce, 
entitled ““Modern Connectors for Timber 
Construction.”” This bulletin is now avail- 
able and may be obtained from the govern- — 
ment printing office, Washington, D. C., 
for 15 cents. 

This bulletin discusses generally types of 
framing which have been erected in Europe, ~ 
gives the results of the research conducted — 
at the Forest Products Laboratory, and pre- — 
sents authentic information and data neces- 
sary for the design of joints and the selec- — 
tion of connectors. The subcommittee 
sponsoring this report is under the chair- 
manship of Maj. H. S. Bennion (M’27). 


Volume on Conduction of Electricity in 
Gases.—As one of a series of volumes 
intended for educational work carried on 
jointly by the graduate school of the 
University of Pittsburgh, Pa., and the 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., ‘‘Conduc- 
tion of Electricity in Gases’? has been 
prepared. A small edition has been printed 
by the Westinghouse company primarily 
for the use of educators in other schools. 
The course is conducted by Dr. J. Slepian 
(A’17, F’27). The purpose of the course 
is to study the phenomena attending the 
passage of electricity through gases. In 
the first part, particular attention is paid _ 
to the fundamental principles, and in the ~ 
rest, these fundamentals are used in the 
study of such discharges as glows, arcs, 
sparks, and corona, and their practical 
applications are indicated. Copies of this 
course can be obtained on application to 
the supervisor of extension courses, West- 
inghouse Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa. It consists of 
180 diagrams and 188 pages photolitho- 
graphically reproduced directly from type- 
written copy, permanently bound in cloth, 
and costs $4.00 net. 
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otters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
_ other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
_ in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
_ Engineers. 
— 


Balancing of 
Economic Forces 


To the Editor: 


I gladly accept your invitation to com- 
ment on the second progress report of 
American Engineering Council’s committee 
on the relation of consumption, production, 
and distribution. Being deeply interested 
in the subject, I have been able to keep in 
quite close touch with Mr. Flanders and 
some other members of the committee, also 
with some others who have contributed their 
opinions, as published in the progress report. 
Many of my thoughts therefore go back con- 
siderably before the publishment of the 
report. 

The members of the committee should 
assuredly be given great credit for their ex- 
tensive study of this very complex subject 

_and their report should contribute in no 

- small degree to the crystallization of the 
thoughts of the hundreds who are also trying 
to contribute something worth while to the 
solution of this all important problem. 

One thing that it seems to me would 
simplify the problem somewhat would be 
to group under one head, one large class of 
undesirables, namely, all income that may 

be described as ‘‘unearned incomes.” It 
may be quite impossible to demonstrate that 
all unearned income contributes to business 

instability but I believe that if each of us 
could avoid selfishness sufficiently to advo- 
cate the elimination of all sources of un- 
earned income we would not only be doing 
what is right ethically but would eliminate 
a great source of business unstability. 

I am not one who would class reasonable 
profit on loans and investments as unearned 
wealth, for we must retain these as legiti- 
mate and necessary so long as we are to 
avoid socialism, but I do class as unearned 
and therefore undesirable, all income from 
the following sources: 


1. Speculation, when not based on real and sound 
investments. 


2. Profit from dishonest sales of useless or inflated 
securities. 


3. Unearned increments in the value of land. 


If these sources of income could be largely 
eliminated, I am confident that the problem 
of maintaining economic balance would be 
greatly simplified. I am quite inclined to 
agree with Mr. Wilgus when he says that 
the report does not sufficiently emphasize 
the harmful effect of betrayal of trust and 
similar dishonesty, on the markets collapse 
and, for this reason, would place great im- 
portance in the above second undesirable. 
If Mr. Winthrop W. Aldrich’s proposed 
banking and investment reforms can be 
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carried out betrayals of trust that Mr. 
Wilgus refers to should be immensely re- 
duced. 

As to public works being a major way to 
correct a drooping cycle, as proposed in my 
good friend J. C. Lennox’s book, as well as 
by many others, I am sure that it has been 
already demonstrated that this can never 
be a major way to correct a serious depres- 
sion when moving at full speed down hill. 
When started up hill again things can doubt- 
less be accelerated somewhat by public 
works that we can ill afford at such times 
but which, in view of prompter recovery 
may not be out of the question. On this 
basis, it may not be too early for the Presi- 
dent’s program of public works. 

I am disappointed that the report does 
not seriously consider the possibility of 
eliminating rather than reducing economic 
cycles. Professor Harwood’s proposition 
to do this by government control of credit 
expansion may not be alone capable of doing 
this but it surely would help greatly, and 
coupled with Mr. Gerard Swope’s proposi- 
tion might function fully. 

There is, of course, a large group among 
our wealthy, who have no desire to see such 
cycles disappear, because they think that 
they give them fine opportunity for skillful 
money making by the unearned route, but 
if the reforms that Mr. Aldrich proposes for 
banking and investment can be brought 
about the days of those who can thus profit 
at the expense of the Public should be 
largely over. 

Very truly yours, 

WALTER S. Moopy (F’12) 
(Consulting Electrical 
Engineer, 155 Dawes 
Ave., Pittsfield, Mass.) 


Graphical Determination 
of Symmetrical Components 


To the Editor: 


In his ‘‘Letter to the Editor” published in 
ELECTRICAL ENGINEERING for April 1933, 
p. 280, J. B. Troja notes 2 errors which 
he found in my previous letter on the 
“Graphical Determination of the Sym- 
metrical Components in a 38-Phase Un- 


/\ /\ 
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(a) (b) 


Fig. 1 


balanced System’’ in the December 1932 
issue, p. 886-7. 

As a matter of fact, the 2 things to which 
he objects may not be according to the 
ordinary conventions but I do not think 
there is any actual error in them. 


A clockwise revolution of 3 balanced 
vectors ABC represents the same physical 
phenomenon as the counterclockwise revolu- 
tion of 3 vectors ACB. In other words, 
if we suppose a 3-phase generator, we ob- 
tain the same result whether we reverse the 
rotation (Fig. 1a) or twist 2 of the out- 
coming wires (Fig. 1b). The negative 
sequence is just an analytical method of 
representing a reverse rotation. 

Mr. Troja also finds a contradiction in the 
Fig. 6 of my letter where the positive phase 
sequence is called ACB; I do not suppose 
a phase sequence is positive because it is 
called ABC or ACB but because it is the 
same sequence as in the original 3-phase 
system. If by convention the 3-phase 
system is called ACB, then the positive 
sequence is ACB. In my Fig. 6, I changed 
the position of the letters on purpose, in 
order to apply the graphical method to an 
altogether different example. 

Very truly yours, 

RENE LAPLANTE (A’32) 
(Shawinigan Water & Power 
Co, Shawinigan Falls, Que- 
bec, Can.) 


More Is Needed Than 


“Balancing of Economic Forces” 


To the Editor: 


During the past several months I have 
watched with interest the several articles 
and letters pertaining to the depression 
which have appeared in ELECTRICAL EN- 
GINEERING. I would like to take this op- 
portunity to set forth some economic prin- 
ciples which the study of these articles has 
called to my attention. 

Even in an engineering analysis such as a 
study of the causes of the present depression 
it is necessary to make some preliminary 
assumptions in order to establish a working 
hypothesis. However, for the present let 
us review the economic history of the past 2 
decades. In 1913 the price trends of 
stocks and commodities were taking what 
appeared to be a steady upward turn, in- 
dicating an ensuing period of moderate but 
“true” prosperity. The declaration of war 
in Europe caused an immediate inflation of 
prices in foreign markets with its resulting 
stimulation of world markets and a corre- 
sponding inflation of American business. 
However, these trends clearly indicate that 
not until the United States entered the 
wart did this inflation reach a point where it 
was out of control.... 

A well established law of nature states 
that for every action there is a correspond- 
ing, equal, and opposite reaction. So it is 
with the economic cycle. As a result the 
latter months of 1919 and during 1920 this 
country was faced with a rapid deflation of 
credit and prices and such a deflation is 
always accompanied by a _ depression. 
However, much to our present regrets, 
the reaction was not equal to its correspond- 
ing and opposite action.... The reason the 
depression of 1920 did not continue was be- 
cause, due to the fact that we entered the 
war after the countries of Europe were well 
exhausted by their efforts, we were fortunate 
to come out comparatively unscathed and 
with our great resources well intact. 
Naturally, with Europe extremely weak we 
were competing alone in world markets. 
Whenever such a monopoly occurs in any 
market the result is usually disastrous un- 
less the monopoly is conscientiously con- 
trolled. Apparently it was not. This 
condition of monopoly apparently increased 
in magnitude until an expansion of business 
began which immediately absorbed our 
accumulated capital. As is true in all 
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previous economic cycles this expansion of 
industry came too late in the cycle. It was 
uncontrolled. A rapid inflation occurred. 
Then our natural laws of reactions asserted 
themselves again and we were confronted 
with a deflation whose magnitude must ob- 
viously satisfy both the present conditions 
and the one which was arrested 10 years 
before. These were the conditions which 
faced the world in 1929. At that time due 
to inexperience of the men who were in con- 
trol they were not clearly recognized. Un- 
doubtedly the efforts of these men have con- 
tributed to the depth of our present posi- 
tion. It is evident that men who had come 
into industry and finance after 1910 had had 
little experience with such conditions. It 
is easily conceivable that their efforts to 
harness the monster, deflation, may have 
been misdirected. Such appears to be the 
CASON Fin 

Although several pages have been written 
concerning the many forces which were out 
of control in 1928 and 1929 the literature 
appears misdirected. The inevitable post- 
war deflation which I have attempted to 
justify as the fundamental cause has been 
left practically untreated in proportion to 
its magnitude. For example, if we assume 
that the World War had never occurred, 
is it not reasonable to suppose that the 
past 2 decades would have seen several 
minor inflations and deflations accompany- 
ing a general upward trend in industry 
which was advancing by a slow expansion 
made possible by increasing research?.... 

I have tried to justify the omission of this 
obstacle (war) from other’s reasoning on the 
subject. Is it that writers believe the bal- 
ancing of less/fundamental economic forces 
will eliminate this gigantic and more funda- 
mental one? It is apparent that such a 
train of reasoning is isolated from the 
truth. 

From the above trend of thought I have 
drawn the following conclusions in regard 
to our present condition and in connection 
with some thoughts concerning the proposed 
methods of eliminating a reoccurrence of 
future depressions. These conclusions are: 


1. The elimination of the repeated occurrence of 
wars, and that as long as war clouds continually 
hover in the world we can never hope for a ‘‘de- 
pressionless”’ future. 

2. That the magnitude of our present condition 
has been aggravated by the inability of the men in 
control to cope with the situation due to their lack 
of experience with any previous similar situation. 


These conclusions appear to me to be 
self-evident. They are fundamental in 
nature. Their elimination entails a gigantic 
reconstruction program. A reconstruction 
program, not of consumption, production, 
and distribution but of education and 
brotherly love. Surely the problem is far 
greater and more far reaching than a mere 
balancing on the American continent of 
consumption, production, and distribution. 
Unquestionably this is not a problem for 
the engineer nor any other group of men. 
It is a problem to be solved in every home, 
in every land by everybody. With its 
solution will follow the solutions of our 
less fundamental problems of economics. 
Emerson says that the day was when a man 
looked out that his neighbor did not cheat 
him but the day will come when a man 
looks out that he does not cheat his neigh- 
bor. That day must come. Until it does 
we cannot hope to eliminate depressions and 
we must always realize that a degrading 
component of forces exists in our social and 
economic systems which impedes and may 
eventually destroy the advance of civiliza- 
tion. 

Very truly yours, 

Wn. HAMILTON TREADWAY 
(Enrolled Student) 
(Milwaukee School of En- 
gineering, Milwaukee, Wis.) 
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Engineers Versus 
Business Men and Politicians 


To the Editor: 

Is it not about time that the scientist 
and the engineer, both, balked at the 
position in which our “‘safe and sane’”’ busi- 
ness men and our politicians seek to put 
them? 

In “II—Private Enterprise’ by Virgil 
Jordan on p. 236-7 of ELECTRICAL EN- 
GINEERING for April 1933, Mr. Jordan as- 
signs to Veblen the statement that ‘‘en- 
gineers are a somewhat fantastic brother- 
hood of over-specialized cranks ..... we 
Evidently Mr. Jordan lacks the usual 
Hibernian sense of humor, else he would 
not have construed his Veblen thus. 

Among other recent things of the same 
sort, there appeared in the New York Times 
a column ostensibly discussing the presenta- 
tion of the Nobel prize to Langmuir, but 
chiefly devoted to a criticism of the scientist, 
including the medical man, and the engineer, 
for their lack of purpose evidenced by the 
fact that they render service to their fellow- 
men independently of the political and 
economic boundaries so carefully set up 
by our “safe and sane’’ business men and 
politicians together, and independently 
of the antagonisms aroused by such bounda- 
ries. This I call a highly complimentary 
criticism. I am proud that I belong to a 
“fantastic brotherhood” that has proved 
the workability of a certain Christian doc- 
trine to the general benefit of mankind 
short of the use made of scientific knowledge 
by “safe and sane’ business men and by 
politicians to their own assumed advantage. 

In this column, also occurs the statement 
that only the politician knows how to run 
things. I leave it to your readers to realize 
how excellent a job the politician has made 
of it. So, too, in Mr. Jordan’s paper 
appears a continuation of the above “‘quota- 
tion” from Veblen that ‘‘the engineer is 
not to be trusted out of sight except under 
the restraining hand of the safe and sane 
business man.’”’ JI ask your readers to ob- 
serve what ‘“‘the restraining hand of the 
safe and sane business man’’ has produced 
in the form of a stable and smoothly func- 
tioning economy. 

Mr. Jordan’s article has that defect 
common to most recent discussions by 
economists, politicians, and business men, 
of our economic situation. Such are drawn 
from independent orders of facts—a sort of 
conglomerate of presuppositions, indepen- 
dent, not because they are logically in- 
dependent within the same order or class 
of facts, but because they are not related 
at all. Such seem to be mere items of 
belief. 

You will note that Mr. Jordan closes with 
the remark, “I prefer to believe ..... PB 
Truly, what one prefers to believe is a solid 
foundation for the analysis of the perform- 
ance of our system for the production, 
distribution, and use of physical goods. 
Imagine an engineer expressing his ‘‘prefer- 
ence’? as to the operating characteristics 
of an induction motor—that he ‘‘preferred 
to believe’ that its characteristics were 
the same as a d-c series motor—or that he 
“preferred to believe’? that the cause of 
trouble in the operation of the motor was 
due to this rather than that! 

Thus, Mr. Jordan prefers to believe that 
the failure of big business enterprises under 
independent control implies the wisdom of 
creating a multiplicity of small individual 
business enterprises under a complete dis- 
persion of control, which, of course, would 
involve the scrapping of the entire existing 
machinery of production. This is almost 
an example of prelogical thinking. He 
presents no underlying reason for the failure 
of such larger enterprises. That apparently 


they have failed is sufficient reason fo! 
his preferences as to the cause of such failure 
This is indeed an application with a ven 
gence of the principle of sufficient reason 
It is an example of that sort of reasoning 
based upon the emotion of fear that lead; 
to the hurried and perhaps even more 
dangerous abandonment of a leaking shir 
in a storm without first investigating the 
leak and taking all necessary measures tc 
stop it. 

Mr. Jordan implies, although he does not 
say so outright, that Professor Rauten- 
strauch’s paper which also appears in your 
April 1933, issue, p. 234-6, suggests that 
“public enterprise’? be substituted for 
“private enterprise,’ for which implication 
I cannot find the least evidence, even though 
the 2 papers are grouped under such a 
heading. I wonder, Mr. Editor, if you read 
both papers carefully. [Ep. Nore: Editor 
not only read both papers with care; he 
listened to both authors as they made their 
original presentations before the Advertising 
Club of N. Y.] : 

Professor Rautenstrauch points out very 
clearly that since the big enterprises, as Mr. 
Jordan also says, have not been stimulated 
by the incentive of profit to cooperate in 
devising a proper common system of con- 
trol, and, as Mr. Jordan adds, therefore 
they have failed, it seems well to consider 
whether, and by what means, such a system 
of control may be devised and applied, if 
necessary even by others, in order that the 
production and distribution of those goods 
required for our living may be maintained 
irrespective of any rights to interfere with 
the process assumed by safe and sane busi- 
ness men and by politicians. 

The only alternate to the hypothetical 
public control, suggested by himself, Mr. 
Jordan has to propose is scrapping the 
system and returning to the superseded era 
of what he calls “individual enterprise’’— 
that in effect, every man should again be- 
come his own shoemaker—‘“‘digging in for 
self-sufficiency and increased indepen- 
dence.” This is an excellent example of 
a priort reasoning based upon presupposi- 
tions. The output of such thinking is 
drawn from sanctions of expediency, from 
compromise with a situation rather than on 
orderly analytic precedure. So Mr. Jordan 
suggests a return to the age of individual 
economic struggle; to the period when 12 to 
18 hours of hard labor a day was not always 
sufficient to keep the wolf from the door. 
If that represents liberty and the spirit of 
America, as Mr. Jordan prefers to believe 
it does, then let us save ourselves from it! 

Mr. Jordan preaches a philosophy of 
defeat and despair. He seems to admit 
that the economic change of the past century 
represents effort wasted in traveling the 
wrong path. I think this merely proves 
that Mr. Jordan does not know the nature 
of the trouble and is quite hopeless about it. 
Just because a large power system shows 
signs of increasing instability with increasing 
load, does the engineer give up the job and 
advocate a return to the small independent 
plant? He does not! He finds the reason 
for the instability. Then he designs and 
applies the required system of control. 
Thus he proves himself to be a “fantastic, 
over-specialized crank.”’ 

After all, science and engineering both 
are attitudes of mind—ways of thinking 
about facts—; might it not be well if our 
business men and politicians both displayed 
some of the same sort of common sense, 
putting aside preferences for, and beliefs in, 
this or that economic or political creed, and, 
like the scientist, the microbe hunter, 
and the engineer, unafraid, look the facts 
straight in the face? 

Strangely enough, Mr. Jordan states 
that “the industries of this country have 
never so far formed or supported any 
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call someone else to the bridge. 


comprehensive strong national organiza- 
tion even in order to advance their own 
interests. Though they need it today more 


than ever, and their very existence may 


depend on it, it has so far been impossible 
for even the leading executive industrialists 
of this country to develop any constructive 
plans to deal with the economic situation 
and act together to put them into effect.’’ 
It is interesting to know what Mr. Jordan 
thinks of our leading industrial executives. 

Is it not possibly correct that the so-called 
business man and his cohort the politician, 
have seemed ‘‘safe and sane” merely be- 
cause during a certain phase of our industrial 
development, unknown to them, the game 
was so set that, on the whole, they could 
not lose their entire stake, and now that the 


luck has changed because the game has 


entered a new phase, none of their accus- 
tomed tricks will win, and they do not know 
what to do about it? Yet when the en- 
gineer, who built the plant, and is trained 
to study the nature of a game before he 
“sits in,” rises up and points out what he 
thinks is the trouble, he is backhandedly 
accused by Mr. Jordan of being a “‘fantastic 
over-specialized crank!”’ 

Since neither the pilot nor the captain of 
our ship seem to know what to do in these 
strange waters, and meanwhile she drifts 
nearer and nearer the shoals, it may be 
necessary as a last emergency measure to 
Once, 
when off course in a thick storm, the cook 


- took the wheel and brought us safely 


AT 


through a channel he said he knew. While 
it was not the best place in the world to be, 
at least the coast guard did not have to res- 
cue us from drowning. 


Very truly yours, 
Bassetr JONES (F’30) 
(101 Park Avenue, 
New York, N. Y.) 


To the Editor: 


In his article on ‘JJ—Private Enter- 
prise’ in the April issue, Virgil Jordan 
implies that Veblen called the engineers 
“a somewhat fantastic brotherhood of over- 
specialized cranks, not to be trusted out of 
sight except under the restraining hand of 
safe and sane business men.” 

Veblen did nothing of the kind. In his 
1919 essay on ‘‘A Soviet of Technicians,” 
enumerating the obstacles to the operation 
of industry by engineers in place of business 
men, he wrote: ‘“... popular sentiment in 
this country will not tolerate the assump- 
tion of responsibility by the technicians, 
who are in the popular apprehension con- 
ceived to be a somewhat fantastic brother- 
hood of over-specialized cranks, not to be 
trusted out of sight except under the re- 
straining hand of safe and sane business 
men.” (Italics mine.) 

Veblen’s whole paper was an argument 
for technological direction of industry, 
although he saw no early prospect of such 
a revolutionary overturn, with the com- 
mercial spirit still dominating all classes. 
Mr. Jordan, by omitting the first part of 
the sentence, has misquoted Veblen and 
reversed the sense of the latter’s argument, 
a rhetorical dodge which is of a piece with 
the rest of Jordan’s special pleading for 
private profit. Engineers would do well to 
study ‘‘The Engineers and the Price Sys- 
tem,’’ which includes the above essay, 
instead of relying on distorted transcrip- 


tions of what Veblen thought and said. 


, 


Very truly yours, 
Cari DREHER (A’23) 
(RKO Studios, Inc., 
Los Angeles, Calif.) 
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Standards 


Protective 
Relays 


At the April 26, 1933, meeting of the 
Institute’s standards committee, the 
A.I.E.E. report on “Standards for Relays,” 
Nr. 23, which has been available in pamph- 
let form since August 1931 was recom- 
mended to the board of directors for trans- 
mission to the electrical standards com- 
mittee. This report was developed by a 
subcommittee of the standards committee 
working under the chairmanship of George 
Sutherland, of the New York and Queen 
Electric Light and Power Company. Be- 
fore passing the report on to the electrical 
standards committee it will be necessary 
to eliminate certain differences in the 
wording of definitions which are in Nr. 23, 
as well as in the general “Report on Elec- 
trical Definitions,’ Nr. 2. This latter 
report is in process of development under the 
sponsorship of the Institute. 


Electrical 
Recording Instruments 


E. J. Rutan, chairman of the Institute’s 
instruments and measurements committee 
presented at the standards committee 
meeting of April 26, 1933, a ‘“‘Report on 
Standards for Electrical Recording Instru- 
ments.’’ This report has been in course of 
development for some time under the 
auspices of the instruments and measure- 
ments committee. The standards com- 
mittee voted that the report be accepted 
and published in pamphlet form for criti- 
cism and suggestion. This work of publi- 
cation will get under way at once and the 
report will probably be available early in 
June. 


Indicating 
Instruments 


Advice that the instruments and measure- 
ments committee was preparing a report on 
a proposed “Standard for Indicating 
Instruments’? was presented to the stand- 
ards committee at its meeting of April 26, 
1933. Just when this will become available 
is not known at the present time. 


IIlumination Nomenclature 
and Photometric Standards 


By action of the Institute’s board of 
directors at their meeting of May 22, 1933, 
A.J.E.E. Standard Nr. 37, ‘Illuminating 
Engineering Nomenclature and Photo- 
metric Standards’ was canceled. This 
standard which was developed by the 
Illuminating Engineering Society and ap- 


proved by the Institute in 1925, has been 
replaced by a revised standard developed 
under the same auspices and approved as 
an American standard by the American 
Standards Association on December 19, 
1932. Copies of the new standard may be 
obtained through the headquarters of the 
Illuminating Engineering Society, 29 West 
39th St., New York, N. Y. 


Vacuum Tube 
Standards Proposed 


At the meeting of the Institute’s stand- 
ards committee held on April 26, 1933, a 
suggestion was received that standardiza- 
tion work should be undertaken in the 
vacuum tube field. It was pointed out that 
standardization of ratings, dimensions of 
tubes, and interchangeability would be of 
considerable advantage. The standards 
committee therefore recommended that the 
proposal be forwarded to the American 
Standards Association and that a sectional 
committee be formed to undertake the work. 


New British 
Standards Received 


For the information of members interested 
in foreign standardization the secretary of 
the A.J.E.E. standards committee advises 
that there has recently been received 
copies of 9 new or revised British standards. 
These are as follows: Nr. 52, bayonet 
lamp caps and metal-cased bayonet lamp- 
holders; Nr. 109, air break knife switches 
and laminated brush switches for voltages 
not exceeding 660; Nr. 124, totally en- 
closed air break switches for voltages not 
exceeding 660; Nr. 156, enameled high- 
conductivity annealed copper wire; Nr. 
159, busbars and busbar connections; 
Nr. 367, performance of ceiling-type electric 
fans; Nr. 376, railway signaling symbols; 
Nr. 475, tractive armature d-c neutral line 
relays; Nr. 480, metal-sheathed paper- 
insulated plain annealed copper conductors 
for electricity supply. Copies of these and 
other British standards may be obtained by 
addressing the British Standards Institu- 
tion, 28 Victoria Street, London, S.W.I., 
England. Loan of copies can probably also 
be arranged by writing the American 
Standards Association, 29 West 39th St., 
New York, N. Y., where a file of foreign 
standards is maintained for that purpose. 


American Standards 
Yearbook for 1932-33 


A new edition of the ‘““American Stand- 
ards Year Book for 1932-33” has just been 
issued by the American Standards Associa- 
tion. Among other things of interest 
to those in standardization work, this book 
contains a complete listing of all the proj- 
ects that have an official status before the 
association now. It also contains an article 
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on how American standards are developed 
which may be of considerable help to those 
proposing new standarization undertakings 
and unfamiliar with proper procedure. 


Copies of the year book may be obtained 


by addressing the American Standards 
Association, 29 West 39th St., New York, 


ING NS 
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C. H. Saarp (A’02, M’12, F’12) vice- 
president and technical adviser, Electrical 
Testing Laboratories, New York, N. Y., has 
retired from the company’s service and will 
engage in consulting engineering. Doctor 
Sharp received the degree of Bachelor of 
Arts from Hamilton College, Clinton, N. Y., 
in 1890, and the degree of doctor of phi- 
losophy from Cornell University, Ithaca, 
N. Y., in 1895, having specialized in physics. 
He spent 2 semesters at the University of 
Leipzig, Germany, in 1899 and 1900. Be- 
tween 1895 and 1901 he was assistant and 
instructor in physics at Cornell University. 
Doctor Sharp entered the employ of the 
Electrical Testing Laboratories in 1901 as 
test officer at a time when this company’s 
activities were confined to testing incandes- 
cent electric lamps; he has been actively 
identified with the company continuously 
since that time. His professional engineer- 
ing work in the early part of the period 
consisted chiefly in the equipment of the 
laboratories, laying out methods of work, 
in general responsible charge of operation. 
Since 1914 he has been technical director 
in responsible charge of all the work carried 
on at the laboratories. The list of engineer- 
ing testing operations carried on is a very 
long one and includes nearly all branches 
of electrical engineering, as for example, 
high voltage tests of insulators and insulat- 
ing materials, tests of cables and other con- 
ductors, lamps, both are and incandescent, 
investigations of electrolytic conditions in 
underground structures, maintenance of 
electrical and photometric standards, in- 
vestigations and tests of measuring instru- 
ments, testing of electrical plants, ete. Re- 
cently he has devoted much attention to 
photoelectric methods as applied to photome- 
try and spectrophotometry. Years ago 
he, with Preston S. Millar (A’03, M’138) 
developed the Sharp-Millar photometer 
which was the pioneer portable photometer 
in this country. Later he designed the 
well-known foot-candle meter. Doctor 
Sharp is the author of many technical 
papers, chiefly on electrical measurements 
and photometry, several of which have been 
presented before the Institute. He also 
has served the Institute for many years, 
having been a member of the board of ex- 
aminers 1917-21, and the following com- 
mittees: electrophysics 1916-17, instru- 
ments and measurements 1917-21, lighting 
and illumination (now production and ap- 
plication of light) 1914-19, meetings and 
papers (now technical program) 1914-16, 
standards 1916-19 and 1924-33, and re- 
search 1921-29. He is a representative of 
the Institute on the joint committee on 
the Edison memorial 1932-33. He has been 
a representative of the Institute on the 
U.S. national committee of the Interna- 
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tional Commission on Illumination continu- 
ously since 1914, and on the U.S. national 
committee of the International Electro- 
technical Commission during the same 
period; he is a vice-president of the I. C. L., 
and between 1926 and 1932 was president 
of the U.S. national committee of the 
I. E. C. He also has been active in other 
technical organizations, being a fellow of 
the American Physical Society and the 
American Association for the Advance- 
ment of Science, a member of the American 
Optical Society, the Illuminating Engineer- 
ing Society (past-president), the Société 
Frangaise des Electriciens, Associzaione 
Elettrotechnica Italiana, and Verband 
Deutscher Elektrotechniker. He is a mem- 
ber of Alpha Delta Phi Fraternity, the 
Engineers’ Club of New York, N. Y., and 
the University Club of White Plains, N. Y. 


A. G. Davis (A’98, M’00, F’12) vice- 
president of the General Electric Company, 
Schenectady, N. Y., in charge of patents, has 
recently entered the law firm of Pennie, 
Davis, Marvin and Edmonds, New York, 
N.Y. This firm, which specializes in patent 
work, already includes his younger brother, 
W. H. Davis. A. G. Davis graduated 
from Massachusetts Institute of Tech- 
nology, Cambridge, in 1893, in electrical 
engineering. He then spent one year in 
Kentucky and Alabama in charge of the 
design and construction of Davis-Colby ore 
roasting furnaces, and in 1894 entered the 
United States patent office as an assistant 
examiner. In 1896 he resigned from the 
patent office and practiced patent law in 
Washington for one year. During this 
period he graduated from the National 
University Law School with the degree of 
bachelor of laws; and took a post graduate 
course, receiving the degree of master of 
laws. In 1897 he was placed in charge of 
the patent department of the General Elec- 
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tric Company at Schenectady, N. Y. It 
was in 1919 that he became vice-president 
of the company; he is a director of several 
corporations affiliated with the General 
Electric Company. He is a member of the 
American Bar Association, the American 
Patent Law Association, New York State 
Bar Association, and New York Patent 
Law Association. He is a member of 
several clubs in Schenectady and New York 


W. S. BacuMan (Enrolled Student) has, 
with his co-author, E. M. Wolf (Enrolled 
Student) received the 1932 A.I.E.E. North 
Eastern District prize for Branch paper for 
their work entitled ‘‘The Development of a 
Practical Television Receiver.” This 
award was made jointly with another paper 
by D. W. Mack (Enrolled Student). Mr. 
Bachman, who was born in 1908 and whose 
home was Rising Sun, Md., graduated from 
Cornell University, Ithaca, N. Y., in 1982, 
receiving the degree of electrical engineer, 
having specialized in communication. Dur- 
ing summer vacations he engaged in clerical 
work for the Diamond State Telephone 
Company, and did other telephone plant 
work. While in college, he engaged in 
many extra-curricula activities including 
intramural athletics, and the university 
orchestra, of which he served as president 
one year. He was a member of Eta Kappa 
Nu, Delta Club, and Kappa Delta Rho, 
and was secretary-treasurer of the local 
Branch of the Institute. Mr. Bachman is 
now employed in engineering work with a 
firm in Wilmington, Del. 


EpitH CLARKE (A’23) central station 
engineering department, General Electric 
Company, Schenectady, N. Y., has received 
the 1932 A.I.E.E. North Eastern District 
prize for best paper for her paper entitled 
Conductor Circuits.” 
Miss Clarke, a native of Maryland, at- 
tended Vassar College, graduating in 1908 
with the degree of bachelor of arts. After 
graduation, she taught for 3 years and then 
spent a year at the University of Wisconsin 


EDITH CLARKE 


studying civil engineering. Between 1912 
and 1915 she was assistant to the research 
engineer of the American Telephone and 
Telegraph Company, New York, N. Y., and 
between 1915 and 1918 was in charge of 
calculations (transmission) for the company. 
She then took graduate work at Massachu- 
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_ setts Institute of Technology, Cambridge, 
receiving the degree of master of science in 
electrical engineering in 1919. Following 
this she spent 2 years in the turbine engi- 
neering department of the General Electric 
Company, Schenectady, N. Y., in charge of 
calculations, and in 1922 became engineer in 
the lighting engineering department of the 
company. Shortly afterward she went to 
Turkey as professor of physics in Constanti- 
nople Women’s College, and then returned 
to Schenectady, entering the central station 
engineering department of the General 
Electric Company where she has since re- 
mained. 


H. L. RorpEn (A’30) of Petaluma, Calif., 
and formerly research engineer for the 
General Electric Company, Pittsfield, Mass., 
has received honorable mention in connec- 
tion with the 1932 A.I.E.E. North Eastern 
District prize for best paper. Mr. Rorden’s 
paper was ‘“‘The Solution of Circuits Sub- 
jected to Traveling Waves.”’ He was born 
in The Dalles, Ore., in 1900, and received 
his technical education first from Heald’s 
School of Engineering, San Francisco, Calif., 
and later from Leland Stanford Jr. Uni- 
versity, Calif., receiving from the latter insti- 
tution the degree of bachelor of arts in 1925, 
and the degree of electrical engineer in 1926. 
In 1925 and 1926, he was instructor in ap- 
plied mathematics at Leland Stanford Jr. 
University, and from 1926 to 1928 was on 
the student test course of the General 
Electric Company. In the latter year he 
became research assistant in high voltage 
engineering for the company. 


S. B. Crary, Jr., (A’31) who, with his 
co-author M. L. Waring (A’29) was awarded 
the 1932 A.I.E.E. North Eastern District 
prize for initial paper for their work en- 
titled ‘‘Torque-Angle Characteristics of 
Synchronous Machines Following System 
Disturbances” is a member of the central 
station engineering department of the 
General Electric Company, Schenectady, 
N. Y. Mr. Crary is a native of Michigan, 
and graduated from Michigan State College 
with the degree of B.S. in E.E. in 1927. In 


S. B. CRARY, JR. 


1932 Union College conferred upon him the 
degree of M.S. Following graduation in 
1927 he joined the General Electric test 
course at Schenectady, and a year later 
was transferred to the transformer engineer- 
ing department of the company at Fort 
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Wayne, Ind. Late in 1929 he returned to 
Schenectady, and since that time has been 
in the central station engineering depart- 
ment. 


M. L. Warinc (A’29) who, with his co- 
author S. B. Crary, Jr. (A’31) has been 
awarded the 1932 A.I.E.E. North Eastern 
District prize for initial paper for their 
work entitled “Torque-Angle Characteris- 
tics of Synchronous Machines Following 
System Disturbances” is associated with 
Chase and Waring, consulting engineers, 
New York, N. Y. Mr. Waring graduated 
from Virginia Military Institute in 1927 


M. L. WARING 


with the degree of B.S. in E.E. In 1932 he 
also received the degree of M.S. from Union 
College. For one year following gradua- 
tion he was on the General Electric test 
course in Schenectady, N. Y., and was then 
in the d-c engineering department of the 
company for one year, and was then in the 
central station engineering department of 
the company until joining the staff of Chase 
and Waring. 


E. M. Wo.r (Enrolled Student) has, 
with his co-author, W. S. Bachman (En- 
rolled Student) received the 1932 A.I.E.E 
North Eastern District prize for Branch 
paper for their work entitled ‘““The Develop- 
ment of a Practical Television Receiver.’ 
The award was made jointly with another 
paper by D. W. Mack (Enrolled Student). 
Mr. Wolf was born in 1910, his home having 
been in Bellevue, Ohio. He graduated 
from Cornell University in 1932, receiving 
the degree of electrical engineer. While a 
student he was on the varsity wrestling 
squad, and was a member of the Delta 
Club. Two of his summer vacations were 
spent as oiler on board steamships of the 
American Export Lines, and he is now 
electrician on the S.S. “‘Exeter’’ of the Ameri- 
can Export Lines, plying between New York 
and South America. 


D. W. Mack (Enrolled Student) has re- 
ceived the 1932 A.J.E.E. North Eastern 
District prize for Branch paper for his work 
entitled ‘‘A Superheterodyne for Long 
Distance Television Reception.” The 
award was made jointly with another paper 
by W. S. Bachman (Enrolled Student) and 
E. M. Wolf (Enrolled Student). Mr. Mack 


was born in Ascutney, Vt., in 1910, graduat- 
ing from the University of New Hampshire 
in 1932 with the degree of B.S. in E.E. In 
1932 he did development work and prepared 
his thesis on television. During a summer 
vacation he was estimator for H. E. Noyes, 
engineer and builder, Claremont, N. H., and 
is now with the Signal Corps, U.S. Army, 
working on high frequency transmitters. 
He has operated amateur radio station 
WISC, 5-80-160 meters. 


L. R. Nasu (A’03, M’16) rate expert, 
Stone and Webster Engineering Corpora- 
tion, Boston, Mass., has been appointed 
head of valuation and appraisal work for 
properties managed by and clients of the 
Stone and Webster Engineering Corpora- 
tion, with headquarters in New York, N. Y. 
Ali rate research activities of Stone and 
Webster will continue under his direction. 
Mr. Nash recently was made a vice-presi- 
dent of the Stone and Webster Engineering 
Corporation, taking over the duties of the 
late W. H. Blood, Jr. (A’05, M’06, F’13). 
He has lectured extensively at Harvard 
University and the Massachusetts Institute 
of Technology, and is the author of numer- 
ous publications in the field of utility eco- 
nomics. 


H. B. Gear (A’01, F’20) assistant to the 
vice-president, Commonwealth Edison 
Company, Chicago, Ill., and in charge of 
operating, construction, and electrical de- 


. partments, was recently elected president 


of the Western Society of Engineers for the 
coming year. He has been a member of the 
society for 26 years. In 1910 the Western 
Society of Engineers awarded him the 
Chanute Medal for a paper on “Diversity 
Factor in the Distribution of Electric Light 
and Power.”’ 


L. C. WitiiaMs (A’15, M’26) for 8 years 
district manager of the Los Angeles, Calif., 
office of the Pacific Electric Manufacturing 
Company until illness in the early part of 
1932 forced him to terminate this connec- 
tion, has become a partner in the Coast 
Engineering and Equipment Company, 
Los Angeles. Fully recovered, Mr. Wil- 
liams will participate actively in the work 
of the firm, which acts as manufacturers’ 
representative in the industrial, heavy 
construction, and building specialties field. 


W. J. Grson (A’20, M’28) general 
superintendent of power and construction 
for the New York Power and Light Cor- 
poration, Albany, N. Y., since the organiza- 
tion of this company in 1927, has been 
elected a vice-president. He has supervised 
the company’s extensive power expansion 
program during the past few years, includ- 
ing the building of the 145-mile 110,000/- 
132,000-volt line connecting the Niagara 
Hudson and the New York Edison systems. 


J. W. Upp (A’03, M’12) manager of the 
switch gear sales department of the General 
Electric Company, Philadelphia, Pa., re- 
tired from service May 1, 1933, after 32 
years of service with the company, including 
26 years as manager of the department. 
Mr. Upp will continue in an advisory and 
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consulting capacity to the switchgear divi- 
sion of the central station department 
(formerly the switchgear sales depart- 
ment) and as a consultant for other depart- 
ments of the company. 


N. T. Witcox (A’95, F’12, and Member 
for Life) who for 28 years was in various 
operating and commercial positions with 
Stone and Webster Engineering Corpora- 
tion, Boston, Mass., and more recently New 
England representative of Hynes & Cox, 
Albany, N. Y., has recently established prac- 
tice as a consultant in electrical sales de- 
velopment with headquarters at Melvin 
Village, N. H. Heisa past chairman of the 
commercial national section of the National 
Electric Light Association. 


C. E. Tuvvar (A’22, M’31) manager of 
the patent department of the General 
Electric Company, Schenectady, N. Y., has 
been appointed a member of the advisory 
committee and of the engineering council 
of the General Electric Company, succeed- 
ing A. G. Davis (A’98, M’00, F’12) who 
recently retired from these offices and as 
vice-president in charge of patents for the 
company. : 


E. E. AsHLeEy, Jr. (A’11, M’18) electrical 
and mechanical engineer, Starrett and Van 
Vleck, New York, N. Y., has opened a pri- 
vate practice in New York, N. Y., for the 
general practice of electrical, mechanical, 
and sanitary engineering, including Diesel 
and power plant equipment and moderniza- 
tion, air conditioning, and elevators. 


W. F. Grimes (A’19, M’27) formerly 
control engineer for the Westinghouse Elec- 
tric and Manufacturing Company, Los 
Angeles, Calif., has accepted a position 
with Radio and Music Trades Association 
of Southern California. His new duties will 
include the supervision of the radio inter- 
ference department. 


E. M. Burexett (A’26) since 1929 elec- 
trical engineer in the engineering depart- 
ment of the Boston and Maine Railroad, 
Boston, Mass., has recently acquired in- 
creased responsibility, having been assigned 
to the duties of the late L. C. Winship, 
electrical engineer for the railway. 


P. A. WesTBuURG (A’07, M’16) manager, 
Chicago district, Weston Electrical Instru- 
ment Corporation, Chicago, Ill, was 
named treasurer of the Western Society of 
Engineers at its annual election held re- 
cently. 


J. A. McHucuH (A’22, M’28) assistant 
engineer, electrical engineering department, 
New York Edison Company, New York, 
N. Y., has been elected chairman of the 
power group of the Institute’s New York 
Section for the year 1933-34. 


W. H. Capen (M’23) assistant vice- 
president, International Telephone and 
Telegraph Corporation, New York, N. Y., 
has been elected chairman of the com- 
munication group of the Institute’s New 
York Section for the year 1933-34. 
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C. A. Terry (A’87, M’87, and Member 
for Life) honorary vice-president of the 
Westinghouse Electric and Manufacturing 
Company, New York, N. Y., has been 
elected a director of the company for a 
term of 4 years. 


L. R. Mapes (M’29) chief engineer, Illi- 
nois Bell Telephone Company, Chicago, 
Ill., was named trustee of the Western 
Society of Engineers at its recent annual 
election. 


J. S. Hacan (A’20, M’31) electrical engi- 
neer, Central Railroad of New Jersey, 
Jersey City, has been elected chairman of 
the transportation group of the Institute’s 
New York Section for the year 1933-34. 


J. T. Hotmes (M’24) engineer, The Frink 
Corporation, Long Island City, N. Y., has 
been elected chairman of the illumination 
group of the Institute’s New York Section 
for the year 1933-34. 


A. H. Kenoer (A’12, F’25) vice-president 
of the New York Edison Company, New 
York, N. Y., has been elected a member of 
the nominating committee for 1934 of the 
National Fire Protection Association. 


Obituary 


CLARENCE EVERETT DooLiTrLe (A’95, 
M’10, F’13 and Member for Life) consulting 
hydroelectric engineer, retired, Glendale, 
Calif., died April 29, 1983. He was born 
in Mount Pleasant, Iowa, in 1863, received 
his early schooling in Washington, D. C., 
and graduated with honors from Cornell 
University in electrical engineering in 1885. 
He was a member of the Zeta Psi fraternity. 
After graduation he was connected with the 
Brush Electric Company, Cleveland, Ohio, 
for about one year, going to Aspen, Colorado, 
in August 1886, as electrical engineer for 
The Aspen Electric Company which had in 
1885 installed a 60-light Brush arc dynamo 
belted to a Pelton wheel under 70 ft head. 
On the consolidation of The Aspen Electric 
Company with the Consumer’s Electric 
Light and Power Company in 1887, Mr. 
Doolittle became the electrical engineer 
for the new company named The Roaring 
Fork Electric Light and Power Company 
which in the spring of 1887 installed 2 
40-kw generators for incandescent lighting 
thus making Aspen the first town in America 
to have its dwelling houses as well as its 
streets and business houses lighted by elec- 
tricity from water power. In 1887 with 
Frank J. Sprague and J. H. Devereaux, a 
mining engineer, Mr. Doolittle conceived 
the first electric hoist for mine use which 
consisted of a Sprague street car motor 
geared to an intermediate shaft connected to 
the hoist drum through a flat friction drive. 
This hoist was installed in the Veteran Tun- 
nel, 1,000 ft under ground and was started 
in July 1887. Additional hoists were soon 
added until the existing plants were fully 
loaded so during the winter of 1888-89 the 
electric company built a new 500-hp hydro- 


electric plant, using Pelton wheels under 
876-ft head, the record for high head at 
that time. Due to the fluctuation of the 
hoisting load on the power plant speed regu- 
lation of the water wheels became a serious 
problem and after some unfortunate experi- 
ence with early hydraulic governors, Mr. 
Doolittle invented what was known as the 
“Doolittle differential governor’? which was 
a success from the start and was used for 
more than 20 years. As the load increased 
it became necessary to conserve water and 
Mr. Doolittle invented a regulating nozzle 
which replaced the deflecting nozzles for- 
merly employed. Mr. Doolittle became 
vice-president and general manager of the 
company and continued with the develop- 
ment of more hydroelectric power and its 
application to the mining industry in Asper 
until 1905 when Mr. William Braden came 
to Aspen and persuaded Mr. Doolittle te 
go to Chile, South America, and install the 
hydraulic works to operate the first mill 
built by the Braden Copper Company, now 
part of the Kennecott holdings. This in- 
stallation, consisting of water power for the 
concentrating mill and electric plant for 
mill and camp lighting, was completed in 
about one year’s time though it was neces- 
sary to haul all of the machinery a distance 
of 45 miles into the mountains on 2-wheeled 
oxcarts. After 1906 Mr. Doolittle returned 
to Aspen and developed further hydro- 
electric power for pumping the underground 
waters from the mines. Mr. Doolittle 
made his home in Aspen, Colorado, con- 
tinuously except for several brief periods 
away on consulting work until 1923, when 
he was forced, by ill health, to retire from 
active practice and has lived in Glendale, 
Calif., until the time of his death. 


SAMUEL REBER (A’93, M’96, F’12, anc 
member for life) general foreign representa- 
tive of the Radio Corporation of America. 
New York, N. Y., and vice-president oi 
Radio Corporation of America Communica- 
tions, Inc., died in Washington, D. C. 
April 16, 1938. He was born in St. Louis 
Mo., in 1864. He graduated from the U.S 
Military Academy in 1886, studied elec. 
trical engineering at Johns Hopkins Uni 
versity in 1894 and graduated from the 
Army War College in 1905. He was com 
missioned in the cavalry in 1886, remaining 
in this division until 1894 when he trans 
ferred to the signal corps. It was whil 
he was in the signal corps that he helpec 
survey the route of the proposed Nicaragusz 
Canal. Between 1914 and 1916 he was chie 
of the army aviation section, then part o 
the signal corps. He reached the rank o 
colonel in 1916 and was retired at his ows 
request in 1919. For a period after leavin; 
the army in 1919, he was associated witl 
the Columbia Syndicate, and in 1923 be 
came associated with the Radio Corporatioz 
of America, being for a time director o 
traffic production for that company. H 
was in Japan during the 1923 earthquake 
and took charge of the reestablishment o 
communication by cable and wireless wit] 
the outside world. For this service he wa 
decorated with the Fourth Order of th 
Rising Sun of Japan. He was a member o 
the electrical juries of the Chicago and St 
Louis exhibitions, and was a delegate to th 
following conferences: International Elec 
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trical Congress, 1893 and 1904; Inter- 

‘national Telegraph Conference in Paris, 
1925; International Radio Telegraph Con- 
ference in Washington, 1927; and the World 
Engineering Congress in Tokyo, 1929. 
“He was the author of various technical 
books and papers. He was an officer in the 
VEtoile Noire, and held Indian War, 
‘Spanish-American War, Puerta Rican Cam- 
-paign and Cuban campaign service medals, 
as well as the Victory Medal with 2 clasps 
issued in the World War. Colonel Reber 
was a member of the Institute of Radio 
Engineers and the Franklin Institute. 


, 


Haro_tp WHITMORE SmitH (A’11, M’17) 
until June 1932 generating apparatus 
“manager of the Westinghouse Electric and 
“Manufacturing Company, East Pittsburgk, 

Pa., died in Pittsburgh, March 28, 1933, 
after a brief illness. He was born in Ade- 
laide, South Australia, in 1886, and gradu- 

ated from the University of Adelaide with 
the degree of bachelor of science in 1906. 
In 1908 he received the degree of mechanical 
. . 

engineer from Cornell University, Ithaca, 
'N. Y., and later took special summer 
courses at Columbia University, New York, 
'N. Y. Between 1908 and 1909 he was 
on an apprentice course with the Wagner 

Electric Manufacturing Company, and in 

1909 entered the 2-year apprentice course of 
the Westinghouse Electric and Manu- 
facturing Company at East Pittsburgh. 
In 1911 he was transferred to the sales 

department of the company with head- 
quarters in Milwaukee, Wis. Later that 
year he went with the Chicago, Lake Shore 
and South Bend Railway Company on 
erection work, and in 1912 became engineer 
draftsman with the San Diego Gas and 

Electric Company, San Diego, Calif. In 

1913 he returned to Australia where he was 

for a few mouths electrical salesman and 

‘engineer with Noyes Brothers, Sidney, 
after which he was an electrical engineer in 
‘the department of home affairs of the 

Commonwealth Government of Australia, 
being located at Melbourne. In 1917 he 
again returned to the United States entering 

the general engineering department of the 

Westinghouse Company, and the next year 

entering the generating apparatus sales 
‘department. In 1924 he became an 
American citizen, subsequently becoming 
generating apparatus manager for the 
company. 


Park Exxiorr (A’23, M’30) field engineer 
with the General Electric Company, New 
York, N. Y., died April 18, 1938, after a 
brief illness. He was born in Dover, Maine, 
in 1887, and received the degree of B.S. in 
E.E. from the University of Maine in 1915. 
From 1915 to 1916 he was in the test de- 
partment of the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 

Pa., and from 1916 to 1919 was engaged in 
traffic engineering for the New York Tele- 
phone Company, except for a period of 
‘several months during 1918 when he was 
‘radio engineer with the U.S. Army. In 
the fall of 1919 he entered the organization 
of the General Electric Company at Pitts- 
field, Mass., where he was engaged as a 
transformer designer, heating specialist, 
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insulation specialist, feeder regulator de- 
signer, and special transformer designer. 
Subsequently he was transferred to the 
New York office as field engineer engaged 
on special problems relating to transformers 
and regulators. 


NorMAN MarsHaty (A’02, M’28) con- 
sulting engineer, Still River, Mass., died in 
New York, N. Y., March 28, 1933. He 
was born in Hampstead, N. H., in 1864, 
and graduated from Worcester Poly- 
technic Institute, Worcester, Mass., in 1886. 
From 1886 to 1889 he was employed by the 
Marr Construction Company, installing 
electric light and power plants in various 
sections of the country. He then was en- 
gaged in the construction of central station 


plants for the Westinghouse Electric and 
Manufacturing Company, and in 1890 
was New England district engineer for the 
Westinghouse company, with headquarters 
in Boston, Mass. He began business for 
himself, manufacturing electrical fittings, 
sockets, switches, etc., in Philadelphia, Pa., 
in 1891, removing to Boston in 1893 to 
continue the same business. Between 1909 
and 1926, he was engaged in manufacturing 
electrical insulating tubes, inventions, and 
consultation. From 1916 to 1918 in con- 
nection with the science and research de- 
partment of the War Department, and 
jointly with the late Dr. Louis Bell, he 
invented and perfected ultra-violet signaling 
apparatus for use during the war. In 1927 
he undertook practice as a consulting 
engineer. Mr. Marshall was well known for 
his inventive activities, having been granted 
some 45 patents having commercial value. 


Local Meetings 


New York Student 
Branch Convention Held 


On Friday, April 28, 1933, the New York 
Section held its Student Branch convention. 
This meeting is held annually in con- 
junction with the regular section meeting 
and is attended by students from the nine 
colleges within the section territory. The 
day’s program was divided into 3 parts; 
the details of the morning and afternoon 
sessions were arranged entirely by the stu- 
dent committees. Points of engineering 
interest were inspected during the forenoon. 
At 3:00 p.m. a session was held in the engi- 
neering auditorium. Two speakers ad- 
dressed the student audience of about 350. 
The first was Farley Osgood (A’05, F’12, 
and past-president) consulting engineer, 
who spoke on “Experience in Human 
Engineering.’’ The second speaker, Dr. E. 
E. Free, also in consulting practice, in a 
talk entitled “Engineers in Business” 
outlined his views of what lies before the 
engineering graduate just entering the field 
and the part he will play in the next business 


cycle. Excerpts from Doctor Free’s ad- 
dress are presented on p. 425-6 of this 
issue. Talking pictures of industrial 
processes also were shown. At 6:00 p.m. 


the students assembled at a nearby res- 
taurant for supper. The officers and 
ofticers-elect of the Section were present, 
as were President Charlesworth, National 
Secretary Henline, and a group of promi- 
nent engineers froin the metropolitan area. 

The evening session opened at 8:15 in the 
engineering auditorium with Chairman T. 
F. Barton presiding. He presented the re- 
port of the tellers committee giving the re- 
sults of the elections of officers for 1933-34. 
He then turned the meeting over to the 
Student chairman, J. G. Allison, of Pratt 
Institute. Mr. Allison cailed in turn on the 
3 student finalists to make their presenta- 
tions in competition for the Section prizes. 


The 3 speakers and their subjects were 
as follows: R. Ragazzini, College City of 
New York, “Static Stability Limits on an 
Artificial Transmission Line’; C. I. Brad- 
ford, Rutgers University, ‘Theoretical 
Discussion of the Measurement of Radio 
Frequency Power With the Electrostatic 
Wattmeter”’; and D. A. Neary and 
W. Ramsey, New York University, on ‘'The 
3-Phase Induction Motor at Double Supply 
Paralleled Rotor and Stator.’”’ The officers- 
elect of the Section acting as judges awarded 
first prize to C. I. Bradford and second 
prize to D. A. Neary. The prize presenta- 
tions were made by President Charlesworth. 

The program for the convention was 
then brought to a close with an address by 
Dr. W. E. Wickenden (A’07, M’13), 
President of Case School of Applied Science, 
entitled ‘“The Engineer and the New Deal.’’ 


Past 
Section Meetings 


Akron 


ELECTRIC CABLES, by F. V. Calbert, Genl. Elec. 
Co. Illus. March 16. Att. 40. 

ELecrric SHOCK, by Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres., A.I.E.E. April 
11. Att. 40. 


Atlanta 


THE ENGINEER AND PUBLIC WELFARE, by Dean 
A. A. Potter, Purdue Univ., pres., A.S.M.E. 
Joint meeting with A.S.M.E. Sec. April 4. Att. 
75. 

Appointment of nominating committee. 
18. Att. 5. 

THE BANKING SITUATION AS I SEE It, by Haynes 


April 


McFadden, editor, The Southern Banker. April 
24. Att. 72. 
Baltimore 

THe CAUSE AND REMEDY OF DEPRESSION, 


by J. S. Lennox. Joint meeting with Engrs.’ 
Club of Baltimore, A.S.C.E. and A.S.M.E.—Sec- 
tional April 6. Att. 250. 
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Various THEORIES OF CrRcuIT INTERRUPTION, 
by D. C. Prince, Gen. Elec. Co. Dinner. April 


21. Att. 33. 


Boston 

EXPERIENCES DuRING THE DEVELOPMENT OF 
ELECTRICAL ENGINEERING SINCE 1875, by Dr. A. E. 
Kennelly, Harvard Univ. Students from Harvard, 
Mass. Inst. of Tech., Northeastern, and Tufts 
colleges attended the meeting. April1l. Att. 130. 


Chicago 

ELECTRICAL FEATURES OF THE NEW CHICAGO 
Posr Orricg, by C. A. Carpenter, Graham, Ander- 
son, Probst & White. Joint meeting with the 
Western Soc. of Engrs. April 24. Att. 80. 


Cincinnati 

Address by L. A. Friedlander, Dayton Rubber 
Co., on his irip to Germany in the Graf Zeppelin. 
SUBMARINE TREASURE HUNTING With UNDER- 
WATER Lamps, by E. W. Beggs, Westinghouse 


Lamp Co. Joint meeting with Dayton Engrs.’ 
Club. April 13. Att. 180. 
Cleveland 


David Lindquist, Otis Elevator Co., traced the 
development of elevators through the years. 
March 16. Att. 150. 


Columbus : 

RECENT DEVELOPMENTS IN ARC WELDING, by 
J. F. Lincoln, Lincoln Elec. Co. Joint dinner 
meeting with student Branch of Ohio State Univ. 
April 28. Att. 80. 


Connecticut 

Motors Wirw Mercury Arc ComMMUTATORS, 
by O. K. Marti, and William Arthur, Allis-Chalmers 
Mfg. Co. Meeting at_ New Haven. April 24. 
Att. 74. 


Dallas 

Some Economic CONSIDERATIONS OF PRIMARY 
AND SECONDARY DISTRIBUTION SySTEM DESIGN, 
by H. K. Blake, Genl. Elec. Co. March 20. Att. 
81. 

Arc PHENOMENA AND CIRCUIT INTERRUPTERS, 
by Joseph Slepian, Westinghouse Elec. & Mfg. Co. 


April 25. Att. 40. 
Denver 

POWER ON THE Spot, by C. F. McKelvey, Black 
& Decker. Dinner. March17. Att. 17. 


MEASUREMENT AND CONTROL OF SYNCHRONOUS 
MacuinE ToRQUE ANGLE, by S. W. Hannah and 
A. E. Logan, Univ. of Colo.; Hystrrrsts Meas- 
UREMENTS, by P. Barth and J. C. Bellitti, Univ. of 
Denver; GEOPHYSICAL METHODS AS APPLIED TO 
PETROLEUM PROSPECTING, by R. F. Aldredge, Colo. 
Sch. of Mines; A Licur BEAM TRANSMITTER AND 
RECEIVER FOR DEMONSTRATION PURPOSES, by 


Hudson Fields, Colo. Agri. Col. Annual col. 
night, preceded by dinner. April 28. Att. 50. 
Annual! ladies’ party. May 3. Att. 69. 


Detroit-Ann Arbor 
MopERN THEORIES OF THE COMPOSITION OF 


Matter, by Prof. A. H. Compton, Uni. of 
Chicago. Illus. April 18. Att. 700. 
Erie 


Tue PLACE OF SOUND IN ELECTRICAL ENGINEER- 
ING, by Prof. J. R. Martin, Case Sch. of Ap. Sci- 
ence. April 18. Att. 73. 


Florida 

Business meeting followed by inspection tour of 
station WRUF. April 13. Att. 14. 
Fort Wayne 


RECENT DEVELOPMENT 
by W. M. Guynes, Genl. Elec. Co. 
20. Att. 45. 


Houston 


Arc PHENOMENA AND CrrcuIT INTERRUPTERS, 
by Joseph Slepian, Westinghouse Elec. & Mfg. Co. 
April 24. Att. 135. 


Iowa 


IN TRANSPORTATION, 
Dinner. April 


NEw FRONTIERS THROUGH RESEARCH IN EN- 
GINEERING, by H. P. Charlesworth, asst. chief 
engr, A. T. & T. Co., pres., A.I.E.E. Dinner. 
April 19. Att. 50. 


Ithaca 

STRAIGHT THINKING, by C. F. Hirshfeld, Detroit 
Edison Co. April 27. Att. 161. 

ELEcTRIC WELDING, by J. F. Lincoln, Lincoln 
Elec. Co. May 8. Att. 75. 
Kansas City 

ARC PHENOMENA AND CIRCUIT INTERRUPTERS, 
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by Joseph Slepian, Westinghouse Elec. & Mfg. Co. 
April 20. Att. 110. 


Louisville 


Cc. W. Fick, Genl. Elec. Co., outlined some of 
the latest developments in the Genl. Elec. lab. 
March 16. Att. 85. 


Madison 


Discussion of the development of the practice of 
present-day utility regulation by A. B. Guillou, 
Wisconsin Pub. Serv. Co. Dinner. April 12. 
Att. 38. 


Memphis 
TRANSMISSION OF POWER, by C. Spencer Marsh, 
U.S. Veterans Bureau. April 18. Att. 36. 


Mexico 


MopERN ILLUMINATION CONSIDERED UNDER 
THREE Points OF View, by E. S. Morales, Genl. 
Elec. Co. Illus. April 20. Att. 55. 


Milwaukee 


THE ENGINEER’S VIEW OF THE ECONOMIC AND 
INDUSTRIAL SITUATION, by Arthur Simon, Wm. 
Kircaldie, E. D. Roberts, H. D. Hutchinson, Walter 
Ferris, and Werner Lehman. Joint meeting with 
Engrs. Soc. of Mil. Feb. 13. Att. 225. 

SIMPLIFIED SPEED CONTROL FOR SINGLE PHASE 
Locomotives, by W. A. Geiger, Allis-Chalmers 
Mfg. Co. Feb. 22. Att. 85. 

OBJECTIVES OF ELECTRONIC ENGINEERS IN 
UTILITY AND INDUSTRIAL FIELDS, by C. Stansbury, 
Cutler-Hammer, Inc.; Some APPLICATION OF 
ELECTRONIC APPARATUS IN INDUSTRIAL CONTROL, 
by G. C. Brown, Cutler-Hammer, Inc. Joint 
meeting with Engrs. Soc. of Mil. March 15. 
Att. 230. 

NEW FRONTIERS THROUGH RESEARCH AND EN- 
GINEERING, by H. P. Charlesworth, asst. chief engr, 
A. T. & T. Co., pres., A.J.E.E. Dinner. April 13. 
Att. 125. 

Wuat SHOULD COLLEGES OF ENGINEERING TRAIN 
FOR? by Dr. E. R. Stoekle and Prof. L. F. Van 
Hagen; Wuat ARE THE OPPORTUNITIES FOR 
GRADUATES OF COLLEGES OF ENGINEERING? 
by T. C. Hatton and James L. Ferebee; Wuat 
THE INDUSTRIES HAvE A RIGHT TO EXPECT OF 
THE ENGINEERING PROFESSION, by J. Wanvig and 
H. Falk; Wuar THE ENGINEERING COLLEGES 
Have a Ricut To Expecr From ENGINEERING 
PROFESSION AND From InpDusTRY, by R. L. Cooley 
and Dr. J. D. Ball. Joint meeting with the 
Engrs. Soc. of Mil. and the faculty of the Univ. of 
Wis. April 28. Att. 110. 

MopERN APPLICATION OF THE VACUUM TUBE, 
by S. Snead, Univ. of Wis.; AN INVESTIGATION OF 
ELECTRONIC OSCILLATION, by J. L. Rennick, Mar- 
quette Univ.; PARALLEL OPERATION OF OVER- 
CoMPOUNDED GENERATORS WITHOUT AN EQUALI- 
ZER Bus, by Wm. H. Treadway, Milwaukee School 
of Engg. Election of officers: K. L. Hansen, 
chmn.; J. A. Potts, secy.; Sam Snead, and C. D. 


Brown, directors. May 3. Att. 75. 
Minnesota 
Talk by Dr. Ellis Manning of the Genl. Elec. Co. 
March 15. Att. 200. 
Nebraska 


THE DESIGN AND CONSTRUCTION OF A BEAT- 
FREQUENCY OSCILLATOR USING STABILIZED Os- 
CILLATORS AND Duo-D1i1opE DETECTION, by Walter 
Houck, Univ. of South Dakota; Tue Drsicn anp 
CONSTRUCTION OF A HIGH-VOLTAGE CATHODE-RAY 
OSCILLOGRAPH AND LINEAR TimME Axis DEVICE, 
by G. DeBey and Norman Larson, Univ. of So. 
Dakota. NEw FRONTIERS THROUGH ENGINEERING 
AND RESEARCH, by H. P. Charlesworth, asst. chief 
engr., A. T. & T. Co., pres., A.I.E.E. Dinners 
April 19. Att. 181. 


New York 


DivipiInc Up AND MONITORING THE ETHER, 
by Dr. C. B. Jolliffe, Federal Radio Comm, Com- 
munication Group. March 14. Att. 275. 

LIGHTNING IN RELATION TO TRANSPORTATION, 
by D. R. McLeod, Genl. Elec. Co. Transporta- 
tion group. April 6. Att. 75. 

MopERN POWER PLANTS, by J. E. Goodale, N. Y. 
& Queens Elec. Lt. & Pwr. Co., and L. E. Frost, 
Brooklyn Edison Co. Inc. Inspection trips and 
dinner. Power Group. April 13. Att. 575. 

New DEVICES FOR CONTROL oF LiGHT, by A. H. 
Lamb, Weston Elec. Instrument Co.; I. C. Die- 
fenderfer, Genl. Elec. Co.; R. C. Hitchcock, and 
N. L. Freeman, Westinghouse Elec. & Mfg. Co. 
Illumination Group and N. Y. Section of I.E.S. 
April 18. Att. 325. 


Niagara Frontier 
PHANOTRON RECTIFIER, by P. M. Currier, Genl. 


Elec. Co.; Mermprrsurp, by J. Allen Johnson, 
Buffalo, Niagara & Eastern Pwr. Corp., vice-pres., 
A.I.E.E. Election of officers: J. S. Henderson, 
chmn.; F. S. Wahl, vice-chmn.; J. F. Oehler, 
secy. April17. Att. 70. 


North Carolina 


OPERATION OF STORAGE BATTERIES, by J. L. 
Woodbridge, Elec. Storage Battery Co.; CoNnDEN- 
SERS AS STORAGE BATTERIES, by T. J. Garrett, 
student, Duke Univ.; Loap DispaTCHING, DUKE 
PoweER Company’s System, by C. M. Schoonover, 
Duke Pwr. Co. Inspection of Duke Univ. and 
informal dinner preceded address by W. S. Lee, 
Duke Pwr. Co., past-pres., A.I.E.E., entitled Tue 
ENGINEER’S RELATION TO THE PusLic. Joint 
meeting with Duke Univ. Branch. April 7. Att. 
110. 


Oklahoma City 


ARC PHENOMENA AND CIRCUIT INTERRUPTERS, 
by Joseph Slepian, Westinghouse Elec. & Mfg. 
Co. Dinner. April 21. Att. 110. 


Philadelphia 


ELECTRONS AT WORK AND AT PLaAy, by Dr. 
Phillips Thomas, Westinghouse Elec. & Mfg. Co. 
April 10. Att. 275. 


Portland 


TRENDS IN ELECTRICAL ENGINEERING, by C. R. 
Higson, Utah Pwr. & Lt. Co., vice-pres., A.I.E.E., 
and Prof. A. L. Taylor, Univ. of Utah. Dinner. 
April 18. Att. 44. 


Providence 


HicH TENSION Fusgs, presented by representa- 
tives of Schweitzer Conrad, Inc., Genl. Elec. Co., 
and Westinghouse Elec. & Mfg. Co. Joint meeting 
with Boston Sec. March 14. 

RECENT DEVELOPMENTS IN THE WIRE AND 
Cas_E INpusTRY, by Donald M. Simmons, Genl. 
Cable Corp. Dinner. April1l. Att. 45. 

THe CONTROL oF D-c Morors With THYRA- 
TRONS, by L. M. Lang, R. I. State Col.; THe 
CATHODE-RAY OSCILLOGRAPH AS A TELEVISION 
RECEIVER, by W. A. Downes, R. I. State Col.; 
A Stupy or Mercury Swircues, by H. L. Ander- 
son and E. L. Angell, Brown Univ.; A Srupy or 
THE TELEGRAPHONE, by G. A. Freeman and N. G. 
Levesque, Brown Univ.; PuHorTrogLectric CELE 
DAMPER CONTROL, by H. W. Memmott and H. H. 
Mobrfeld, Brown Univ.; Lasoratrory METHODS OF 
MAINTAINING Constant SPEED, by W. Bojar and 
F. N. Cart, Brown Univ. L. M. Lang, R. I. State 
Col., was awarded first prize, which consisted of 
one yrs dues for Associate membership in the 
A.I.E.E. Joint meeting with R.I. State Col. 
Branch and Brown Univ. April 25. Att. 65. 


Rochester 


How To CxHoose A Rapio, by Lee McCanne, 
Stromberg-Carlson Tel. Mfg. Co. Joint meeting 
with I.R.E., and Rochester Engg. Soc. April 6. 
Att. 82. 


St. Louis 


ARC PHENOMENA AND Circuit INTERRUPTERS, 
by Joseph Slepian, Westinghouse Elec. & Mfg. Co, 
Election of officers: L. S. Washington, chmn.; 
E. G. McLagan, vice-chmn.; B. F. Thomas, secy.- 
treas. April19. Att. 132. 


San Antonio 


Mopern Evevarors, by F. H. Cunningham, 
Otis Elev. Co. March 24. Att. 21. 


San Francisco 


RADIO COMMUNICATION IN ABRONAUTICS, by 
J. H. Russell, Univ. of Santa Clara; Summary oF 
Corona Loss VARIATIONS WITH CONTROLLED AT- 
MOSPHERIC ConbiITIONS, by G. Wesley Dunlop, 
Stanford Univ.; THe DESIGN oF A PHOTORLEC- 
TRIC MusicaL INSTRUMENT, by C. J. Miller, Univ. 
of Calif. G. Wesley Dunlop, Stanford Univ., 
received a prize of one yrs dues for Associate 
membership in the A.I.E.E. Joint meeting with 
Univ. of Santa Clara, Stanford Univ., and Univ. of 
Calif. Branches. April13. Att. 75. 


Saskatchewan 


A Motor Trip THRQUGH THE WESTERN STATES, 
by R. N. Blackburn. March 31. Att. 50. 

LIGHTNING PROTECTION WITH SPECIAL REFER- 
ENCE TO THE USE OF SURGE ABSORBERS, by A. B. 


Cooper, Ferranti Elec., Ltd., director, A.I.E.E. 
April 24. Att. 30. 
Sharon ; 


DISTRIBUTION PROBLEMS AND THEIR EFFECT ON 
Cost, by T. C. Dee, Ohio Edison Co. Film—‘‘Out 
of the Shadow.”’ April 11. Att. 107. 
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Springfield 


Our Patent System, by Chester T. Neal, Chapin 
& Neal. April 10. Att. 45. 


Toledo 


Executive Committee meeting. April 5. Att. 8. 

THEORY AND OPERATION OF THE DinsEL EN- 
GINES, by Mr. Biggs, Rathbun-Jones Co. April 28. 
Att. 120. 


Toronto 


RECENT PROGRESS IN RESEARCH, by Thomas 
Spooner, Westinghouse Elec. & Mfg. Co. Joint 
meeting with Engg. Inst. of Canada. April 21. 
Att. 200. 

NORTHERN ONTARIO, by L. V. Rorke, Depart- 


ment of Surveys of Ontario. Ladies’ night. 
April 28. Att. 67. 
Urbana 


ELECTRONS IN OVERALLS, by E. S. Darlington, 
Genl. Elec. Co. Illus. Joint meeting with Univ. 
of Ill. Branch. March 16. Att. 212. 

THe SovarR Ecriese or 1932, by Alfred Herz, 
Pub. Serv. Co. of No. Ill. Joint meeting with 
Univ. of Ill. Branch. April 5. Att. 262. 

MaAzpDA PREFERRED, by C. R. Stover, Genl. Elec. 
Co. Moving pictures. Joint meeting with Univ. 
of Ill. Branch. April 26. Att. 350. 


Utah 


AUTOMATIC ELECTRICAL CONTROL FOR HEATING 
AND VENTILATING SysTEMs, by G. C. Campbell, 
Campbell, Elsey, Burnett. April 17. Att. 16. 


Washington 


THE MEASUREMENT OF HIGH VOLTAGES AT 
CoMMERCIAL FREQUENCIES, by F. M. Defandorf, 
Bureau of Standards. Film—‘‘Out of the Silence.” 
Dinner. Aprilll. Att. 85. 

THE PRODUCTION AND MEASUREMENT OF SHORT 
TIME INTERVALS, by H. G. Dorsey, U.S. Coast 
and Geodetic Survey. Election of officers: Roland 
Whitehurst, chmn.; H. G. Dorsey, vice-chmn.; 
G. G. Coleman, secy.-treas. May 9. Att. 75. 


Worcester 


RELAYS, by Theodore Braaten, Westinghouse 
Elec. & Mfg. Co. March 18. Att. 20. 


Past 
Branch Meetings 


Alabama Polytechnic Institute 


TECHNOCRACY AND ITs RELATION TO ENGINEER- 
ING, by L. E. Curtis; MaruematicaLt History, 
by R. W. Wages, students, Feb. 23. Att. 30. 

HicH TEMPERATURE INSULATION, by Prof. C. 
Hixon. March 9. Att. 27. 


University of Alabama 
Larrst USES OF THYRATRON TUBES, by V. Lari- 


ton; Rapio, by T. Stravas, students. Inspection 
trip to Mitchell Dam. April17. Att. 22. 

EFFICIENCY BY POWER FactToR CONTROL, 
student. Election of officers: H. G. Galloway, 
chmn.; A. J. McCullough, vice-chmn.; N. J. 
Santello, secy.; F. B. Gaines, treas. April 24. 
Att. 25. 


University of Arkansas 


Hoover Dam, by Russell Stone, Frank Davis, 
and E. Howell, students. March 9. Att. 24. 

Is THE ENGINEER RESPONSIBLE FOR PRESENT 
Economic Conpirions? by L. C. Wasson, student; 
Tuis AND THAT, by Prof. W. B. Stelzner, counselor. 
April 11. Att. 27. 

FLux Disrrisution, by G. C. Sheflin; Eco- 
NOMIC PROBLEMS, by R. Cope; ELECTRICAL CHAR- 
ACTERISTICS OF DRIVEN GrouNDs, by C. L. 
Mowery, students. April 27. Att. 22. 

Election of officers: Frank Davis, chmn.; E. A. 
Howell, vice-chmn.; Robert Boyd, treas.; Barnette 
Robinson, secy. May 4. Att. 22. 


Armour Institute of Technology 


Factory METHODS IN THE CONSTRUCTION OF 
Rapio Tuses, by Mr. Brian, Grigsby Grunow Co. 
March 31. Att. 43. 


University of British Columbia 


Election of officers: H. E. Sladen, chmn.; W. G. 
A. Barr, secy.-treas. April 7. Att. 17. 


Polytechnic Institute of Brooklyn 
Films—‘A Modern Hydroelectric Power Plant” 


JUNE 1933 


and “Installing Primary Network Equipment.’ 
April 19. Att. 35. 


Bucknell University 


Evectric Ciocks, by Prof. G. A. Irland, coun- 
selor, Election of officers: H. D. Ruger, chmn.; 
H. Smithgall, Jr., vice-chmn.; Forrest Francis, 
secy,-treas. April 26. Att. 20. 

James Dobbie and Mr. Windes, students, gave a 
summary of work in vector analysis being carried on 


by them. May2. Att. 25. 
California Institute of Technology 
Moving pictures. April 14. Att. 160. 


University of California 


PoWER LoAp DISPATCHING, by W. D. Skinner, 
Pacific Gas & Elec. Co. April 6. Att. 35. 


Joint meeting with San Francisco Section. 
(See report under ‘‘Past Section Meetings.’’) 
April 13. Att. 75. 


Inspection trip to the Pacific Coast plant of 
the RCA Communications, Inc. April 15. Att. 
30. 

Discussion and election of officers; L. W. Sep- 
meyer, chmn.; D. R. Tibbetts, vice-chmn.; Ted 
Lyman, secy.; W. H. Carlson, treas. April 18. 
Atty L. 


Carnegie Institute of Technology 


LIGHTNING—A Spriir SECOND PHENOMENON IN 
ELECTRICAL ENGINEERING, by B. M. Fritz and 
R. B. Hanna, students. April 26. Att. 21. 


Case School of Applied Science 


THE ENGINEER AND THE New Dz#At, by Dr. 
W. E. Wickenden, pres. April19. Att. 65. 

THe EFFECT OF QUALITY AND INTENSITY OF 
ARTIFICIAL Light Upon SEEING, by L. B. Moore; 
IMPEDANCE CHARACTERISTICS OF ROCHFLLE SALT, 
by W. J. Lattin, students. X-Rays anp THEIR 
INDUSTRIAL APPLICATIONS, by Dr. Kent Van Horn, 
Aluminum Co. of Am. Joint meeting with Cleve- 
land Section. April 20. Att. 130. 

Election of officers: J. R. Donnell, chmn.; C. 
Cotman, vice-chmn.; W. Davidson, secy.-treas. 
May 3. Att. 26. 


Clemson Agricultural College 


Tue READING RAILROADS SUBURBAN ELEC- 
TRIFICATION, by W. J. Burton; Mercury REc- 
TIFIERS VERSUS ROTARY CONVERTERS, by J. R. 
Garaty; Economic CONDITIONS AND THE EN- 
GINEER, by W. H. Gist; CURRENT EVENTS, by 


D. E. Penny, students. March 28. Att. 42. 
Cosmic Rays, by D. E. Penny; CuRRENT 
Events, by C. M. Henley, students. April 25. 


Att. 45. 


Colorado Agricultural College 


THE USE OF THE X-Ray IN THE StuDy oF Mo- 
LECULAR STRUCTURE, by Dr. F. P. Golder. April 
LOS AtEOT ET: 

Tue PrRoposep Fr. Coitins Municipat LicutT 
PLANT, by B. G. Coy, city engr. April 24. Att. 
16. 


University of Colorado 


THE OPERATION AND INSTALLATION OF THE 
ELECTRICAL AND MECHANICAL MACHINERY AT THE 
Crimax MoLtysppENuUM Co., by O. N. Parker, 
student. April 5. Att. 25. 

PHOTOELECTRIC CELLS, by R. H. Maxwell, 
Westinghouse Elec. & Mfg. Co. April 17. Att. 
200. 


Cornell University 


Power Arcs, by K. W. Ashman; SurERvVISORY 
SysTEMS OF REMOTE CONTROL, by J. F. Carmody, 
students. April14. Att. 14. 

ELectrRic WELDING, by J. F. Lincoln, Lincoln 
Elec. Co. Election of officers: K. C. White, 
chmn.; S. A. Voelker, secy.-treas. May 8. Att. 
75. 


Drexel Institute 


BATTERY DESIGN AND PRODUCTION METHODS, 
by G. W. Proctor, Emork Battery Co. Joint 
meeting with A.S.M.E. branch. April 12. Att. 
25. 

A Mopern ELecrRic POWER System, by F. R. 
Ford, Phila. Elec. Co. Election of officers: J. P. 
Breickner, chmn.; J. S. Franklin, vice-chmn.; 
A. C. McCoy, secy.; E. C. Russell, treas. April 26. 
Att. 17. 

Inspection trip to the Dewey automatic switching 
exchange of the Bell Telephone Co. April 27. 
Att. 42. 

PowER SUPPLY PROBLEMS IN A-C RECEIVER 
Desicn, by J. I. Carnell, RCA Victor Co. May 10. 
Att. 23. 


George Washington University 
ELECTRICAL RESEARCH ENGINEERING IN THE 


Navy, by L. P. Wheeler, U.S. Navy. March 6. 
Att. 13. 

THE Vacuum TUBE AS A HIGH FREQUENCY 
OscILLATOR, by F. Grimes; THE HISTORY OF 
COMMERCIAL RApIO RECEIVER DESIGN, by J. 


Channel, students. April1l. Att. 16. 


Georgia School of Technology 


Film—‘‘Thomas Edison in the General Electric 
Plant.” Feb. 21. Att. 40. 

THE ENGINEER AND PUBLIC WELFARE, by Dean 
A. A. Potter, Purdue Univ., Pres., A.S.M.E. 
Talks by Dr. Brittain, pres., Georgia School of 
Tech., and Ex-Gov. Osborn of Mich. April 4. 
Att. 56. 

Motion pictures. 

Inspection trip. 


April 25. Att. 35. 
May 1. Att. 33. 


Harvard University 
Tue Art oF Cross ExamrnaTION, by D. E. Hall, 


Hulburt, Jones, and Hall. April 25. Att. 115. 
University of Idaho 

Business meeting. Feb. 23. Att. 33. 

Motion pictures. March 16. Att. 42. 


Rates, by Mr. Pike, Wash. Water Pwr. Co. 
Dinner. April6. Att. 39. 


University of Illinois 


ELECTRONS IN OVERALLS, by E. S. Darlington, 
Genl. Elec. Co. Joint meeting with Urbana Sec. 
March 16. Att. 212. 

Tue Sovar Ecripse or 1932, by Alfred Herz, 
Pub. Serv. Co. of No. Ill. Joint meeting with 
Urbana Sec. April 5. Att. 262. 

MazpA PREFERRED, by C. R. Stover, Genl. 
Elec. Co. Moving pictures. Joint meeting with 
Urbana Sec. April 26. Att. 350. 


Iowa State College 


Discussion. Feb. 15. Att. 34. 
Vacuum TusBeEs, by John Foster, student. 
March 2. Att. 41. 


PRODUCTION OF CARBON BLAck, by Prof. O. A. 
Brown; Evecrric RamLway SIGNALS, by V. M. 
Dyer, student. Talks by Mr. Evans and Mr. 
Johnson, students, on the progress in their thesis 
work. April 20. Att. 32. 


University of Iowa 


Tue Iowa Strate Boarpd oF ENGINEERING 
EXAMINERS, by Prof. G. J. Keller. April 19. 
Att. 32. 

W. Van Haitsma, Boeing School of Aeronautics, 
presented films showing the development of air 
transportation and activities in the Boeing Sch. 
April 26. Att. 82. 


Kansas State College 


REPORT OF WATER RESOURCES OF KANSAS, 
by G. S. Knapp, Div. of Water Resources of Kan. 
March 2. Att. 80. 

RELATION OF BUSINESS TO ENGINEERING, by 
Harry Bouck, Chamber of Commerce. April 16. 
Att. 80. 


Discussion. April 20. Att. 40. 


University of Kansas 
RatLway ELECTRIFICATION, by Capt. W. J. 


Burke. March 23. Att. 44. 
Annual banquet. April 7. 
Discussion. April 21. Att. 26. 


Lafayette College 
Election of officers: Robert Blum, chmn.; L. T. 


Johnson, secy. April26. Att. 20. 
Lewis Institute 
Business meeting. April19. Att. 30. 


University of Louisville 


AN ENGINEERING ROMANCE, by Prof. W. E. 
Freeman, Univ. of Louisville, vice-pres., A.I.E.E. 
April 21. Att. 19. 


Marquette University 


AN INVESTIGATION OF ELECTRONIC OSCILLA- 
TIONS, by J. L. Rennick, student; PuHoro-CELyt 
AND Irs Users, by Mr. Kirkish, student. April 20. 
Att. 20. 

Election of officers: G. J. Griffith, chmn.; W. C. 
Fischer, vice-chmn.; G. A. Loew, secy.; J. L. 
Rennick, treas. May 4. Att. 18. 


Massachusetts Institute of Technology 


DiaL TELEPHONE SySTEMS, by G. K. Burns, 
student. March 21. Att. 21. 

EXPERIENCES DURING THE DEVELOPMENT OF 
ELECTRICAL ENGINEERING SINCE 1875, by Dr. 
A. E. Kennelly, Harvard Univ. Joint meeting 
with Boston Section and the student branches at 
Harvard Univ., Northeastern Univ., and Tufts 
Col. April1l. Att. 130. 
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Michigan College of Mining and Technology 
TRENDS IN ELECTRICAL ENGINEERING, by F. Hs 

Farmer, Westinghouse Elec. & Mfg. Co. Film— 

“Dynamic America.” April 13. Att. 55. 


Michigan State College 
E. 
Some PHASES OF INTEREST IN Law, by J. 
Converse, asst. atty. genl. of Mich. April 26. 


Att. 17. 


University of Michigan 

THEORY OF THE ELECTRIC ARC AND Its APPLICA- 
TION TO CIRCUIT BREAKERS, by Dr. G. S. Timo- 
shenko. April 24. Att. 17. 
University of Minnesota 

Tue ELEcTRIC POWER DEVELOPMENT IN ENG- 
LAND, FRANCE, AND GERMANY, by Prof. W. T. 


Ryan; DIscussIoN OF THE ELECTRICAL SHOW, 


by Parker Lowell, student. April ll. Att. 68. 
Tenth biennial electrical engineering party. 
April 28-29. Att. 8,300. 


Mississippi State College 
Business meeting. April 12. 
University of Missouri is 
Tevevision, by G. L. Taylor, Natl. Television 
Sch. April 27. Att. 41. 


Att. 27. 


Montana State College 

ELECTROCHEMICAL PROCESSES INCREASING, by 
F. Liquin; Improvinc CUSTOMER Contract, 
by H. E. Murdock; ELECTRIC DEVELOPMENTS IN 
Aviation, by L. Peterson; ComBatinc Rust WITH 
METALLIC FINISHES, by B. Roberts; WHAT THE 
Tests SHow, by G. W. Roberts, students. April 
13. Att. 60. 

Gasrous DISCHARGE LAMPS AND THEIR Ap- 
PLICATION, by O. R. Lester; Ovn’s TRIP THROUGH 
THE SUBSTATION, by D. C. Shevalier; AUTOMATIC 
Arc WELDING WiTH Atomic HypRocEN, by R. L. 
Spaulding; SanpwicH TyPE or RoaD BuILT WitTH 
BITUMINIZED CEMENT, by E. Watts; MOTORING A 


Ditcu DREDGER, by A. White, students. April 20. 
Att. 49. 4 
Electrical demonstrations. April 27. Att. 70. 


Films—‘The Queen of the Waves’ and “The 
King of the Rails.” May 4. Att. 135. 


University of Nebraska 
Five Meter TRANSMISSION, by M. W. Bullock 
and W. Koch, students. April 26. Att. 31. 


University of Nevada 

W. C. Smith, Genl. Elec. Co., outlined recent 
developments in electrical engineering. April 19. 
Att. 25. 


Newark College of Engineering 

TRANSFORMER Om, by W. C. Gegenheimer; 
Puoro-Cetis, by J. S. Bodjo; Hicu Sprep Ex- 
ciTaTION, by W. A. Moody, students. March 13. 
Att. 18. 

THE Gyroscopr AND ITS PRACTICAL APPLICA- 
TIONS, by O. B. Whitaker, Sperry Gyroscope Co. 
April 3. Att. 23. 


University of New Hampshire 


Edward Rath outlined problems that he has 
encountered in his work as a research engineer. 
Aprill. Att. 30. 

Sarge Harsor-WEstTpPort 230 Kv TRANSMISSION 
Line, by J. E. Smet; Sounp RECORDING BY LIGHT 
VALVE System, by B. H. Booth; Economic 
AspEcTs OF WATER Power, by E. W. Hitch- 
cock and H. W. Feindle, students. April 8. Att. 
28. 

Tur ROTARY VOLTMETER, by R. C. Loeschner; 
HIGHER STEAM PRESSURES AND TEMPERATURES A 
CHALLENGE TO ENGINEERS, by H. T. Dickson and 
L. M. Partridge, students. April 15. Att. 28. 

TECHNICAL FEATURES OF THE NEW GENERAL 
ELeEctric O1t Furnace, by A. E. Allen; LIGHTNING 
EXPERIENCE ON Woop PoLeE LINES, by C. W. 
Quimby and E. Priest, students. Election of 
officers: O. Abbiati, pres.; L. M. Partridge, vice- 
pres.; E. W. Hitchcock, secy. April 22. Att. 31. 

REACTIVE POWER IN NEED OF CLARIFICATION, 


by E. Horne; OPERATING ASPECTS OF REACTIVE 
Power, by E. L. Huse; REACTIVE AND FICTITIOUS 
Power, by H. J. Joyal, students. April 29. Att. 
26. 
University of New Mexico 

ELectric ARC WELDING, by M. M. Zirhut, 
student. Aprilll. Att. 7. 
New York University 

INSULATED BaBiges, by Walter Christie; THE 


RAMAN ErrFrect, by J. Delmonte; Suprer-Con- 
DUCTIVITY IN METALS, by E. Lobo; PALE Horror, 
by E. Schmidt; ComMuNICATION IN THE ARMY 
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IGNAL Corps, by K. Dumond, students. April 7. 


Att. 21. [Ep. Nors: Titles as reported] 
North Carolina State College 

Discussion. May 2. Att. 28. 
University of North Carolina 


Tue INSPECTION TRIP MADE BY THE SENIOR 
Cuass in CHARLOTTE, N. C., by W. G. Miller, 


student. THe PLACE oF THE ENGINEER IN IN- 
DUSTRY, by Mr. McConnell, Burlington Mills. 
Feb. 22. Att. 24. 


LIGHTING FOR THE FuTuRE, by R. A. Palmer, 
Southern Public Utilities Co. Illus. March 1. 
Att. 30. 

THE GENERAL FEATURES OF THE CHUTE-A- 
CarRON HyDROELECTRIC DEVELOPMENT, by J. D. 
Watson. THE DETAILS OF THE EXPERIMENTS 
CONDUCTED TO DETERMINE THE CORRECT DESIGN 
OF THE CHUTE-A-CARON OBELISK, by J. R. Marvin, 


student. Joint meeting with A.S.M.E., A.S.C.E., 
and A.S.Ch.E. Branches. April 13. Att. 60. 
University of North Dakota 

General discussion. April5. Att. 32. 


THE WIRELESS PART OF Rapio, by Robert 


Moore; ARTIFICIAL SUNLIGHT, by D. Haagensen, 
students. April12. Att. 15. 

CIVILIZATION AND THE ENGINEER, by Prof. 
D.R. Jenkins. April20. Att. 101. 


PLANS FOR ENGINEERS Day, by Albert Strat- 
moen, student. May 3. Att. 20. 


University of Notre Dame 

Lire oF STEINMETZ, by Charles Mueller, student. 
TELEPHONY, by Mr. Bolt, Indiana Bell Tel. Co. 
April 26. Att. 55. 


Ohio Northern University 
DEVELOPMENT OF THE ELECTRICAL INDUSTRY, 


by John Riss, student. March 9. Att. 15. 
HisTORY OF THE ELECTRICAL INDUSTRY, by Mr. 


Stiles and Mr. Schneider, students. April20. Att. 
26. 

Election of officers: Clayton Allen, pres.; Carl 
Fox, vice-pres.; John Hartle, secy.; Clarence 
Jacobs, treas. April 27. Att. 21. 


Ohio State University 
Election of officers: John Silver, chmn.; Robert 
Beetham, secy.-treas. April6. Att. 30. 


Ohio University 

Films—‘‘The Electric Ship’’ and “‘The Radio.” 
Election of officers: Paul Matthaes, chmn.; Ray- 
mond Fenwick, vice-chmn.; Eugene Pryor, secy.- 
treas. April 27. Att. 13. 


Oklahoma A. & M. College 

ILLUMINATION AND PHOTO-ELECTRIC CELLS, 
by W. K. Richey; Mercury Arc RECTIFIERS AND 
ComMMUTATORLESS Motors, by J. R. Hollis, stu- 
dents. March 27. Att. 33. 

AVIATION Rapio, by Forest Himes, student. 
Election of officers: Calvin Hanan, chmn.; Earl 
Payne, vice-chmn.; Dillon Martin, secy. April 10. 
Att. 32. 


Oregon State College 


THE PAST, PRESENT, AND FUTURE OF ILLUMINA- 
TION, by F. M. Murphy, Portland Genl. Elec. Co. 
April 13. Att. 33. 


Pennsylvania State College 


SYMMETRICAL COMPONENTS, by C. B. Holt. 


April 7. Att. 22. 
Election of officers: J. D. Colvin, pres.; C. C. 
Cooner, secy.; D. G. Brubaker, treas. April 27. 


Att. 24. 
Inspection trip to the Bellefonte airport. April 


27. Att. 34. 


University of Pennsylvania 


WINGS OF THE FUTURE, by J. Miller, Pitcairn 
Aircraft Corp. March 2. Att. 14. 


University of Pittsburgh 

Some DereEcts IN OuR PRESENT EDUCATIONAL 
Systems, by R. H. Kernahan; A Sure Curr For 
OuR PRESENT DEPRESSION, by R. E. Morell, stu- 
dents. April 27. Att. 105. 

UNEMPLOYMENT CAUSED BY THE INCREASED USE 
oF Macuines, by C. M. Harnish; THE NEED oF 


An AvocaTion, by J. K. Brownlee, students. May 
4. 
University of Porto Rico 

INDUSTRIAL APPLICATIONS OF ELECTRICITY, 


by Prof. M. Wiewall, Jr.; APPLICATIONS OF MATHE- 
MATICS TO ELECTRICAL ENGINEERING, by O. P. 
Diria, student; ADVANTAGES OF JOINING THE 
A.I.E.E., by Prof. G. F. Anton, counselor; Ap- 
PLICATION OF ELECTRICITY TO PLANT BREEDING, by 


R. L. Davis, U.S. Agricultural Experiment Sta- 
tion. March 3l. Att. 36. 
Annual dinner meeting. 


Pratt Institute 
ELECTRONICS, by O. H. Caldwell, editor Elec- 
tronics. March 23. Att. 335. 


Purdue University 

AN ImpROvED CATHODE-RAY OSCILLOGRAPH, by 
H. F. Mayer; PRECISE MEASUREMENTS OF HIGH 
FREQUENCY, by J. W. Hammond; DEmMONSTRATION 
or HicH VOLTAGE PHENOMENA, by C. S. Sprague; 
TELEVISION, by E. M. Purcell; R. H. George, and 
H. J. Heim; DEMONSTRATION OF MODERN DUPLEX 
RADIOTELEPHONE COMMUNICATION, by Prof. G. E. 
West and John W. Hammond; NomMoGRAPHY AND 
Specra, SLIDE RuizEs, by J. N. Arnold; Hicu 
FREQUENCY DEMONSTRATION, by J. E. Hobson, 
C. R. Steen, F. H. Roby, and C. H. Hunter, stu- 
dents. Address by Prof. C. F. Harding, head, 
School of Engg., and banquet. Joint meeting with 
Ind.-Laf. Section, and the Univ. of Ill. and Rose 
Poly. Inst. Branches. April 29. Att. 250. 


April 23. Att. 35. 


Rensselaer 


Some PROBLEMS IN TOLL TRANSMISSION, by B. K. 
Boyce, N. Y. Telephone Co. Election of officers: 
W. C. Stoker, chmn.; A. J. Bujarowicz, vice-chmn.; 
R. L. Ringer, secy.-treas. April 18. Att. 300. 


Rice Institute 


Mr. Shofstall, student, outlined his experiences 
while working with the Genl. Elec. Co. April 7. 
Att. 19. 


Rose Polytechnic Institute 


Circuit INTERRUPTION, by G. T. Lautenschlager; 
AMATEUR Rapio Transmission, by C. E. Grogan, 
students. April18. Att. 31. 


Rutgers University 

THe APPLICATION OF THE QUADRANT ELEC- 
TROMETER TO THE MEASUREMENT OF RADIO FRE- 
QUENCY PoweRr, by C. I. Bradford, student. April 
25. Att. 26. 


University of Santa Clara 


Election of officers: H. E. Kinerk, chmn.; Man- 
ning Hermes, vice-chmn.; Michael Victor, secy. 
May 2. Att. 16. 


University of South Carolina 


Tue TrutH AsouTt HicH-ALTITUDE FLIGHT, 
by Mr. Nicholson; MoprrRN SIGNALING ON THE 
READING RaILRoAD, by K. Sease; WonpER 
or Man Maver LicGHTninc, by Wm. Shannon, 
students. April10. Att. 35. 

THe DEVELOPMENT OF THE WIRELESS TELE- 
GRAPH AND WIRELESS TELEPHONY, by J. Taylor; 
LIGHTING IN THE THEATRE, by W. J. Valentine; 
Tue EFFECT OF ULTRA-VIOLET RADIATION UPON 
THE Eye, by R. D. Wannamaker, students. April 
24. Att. 33. 

Election of officers. Mayl. Att. 18. 


South Dakota State School of Mines 


METER TESTING AND EXPERIENCES AS A METER 
TeESTER, by H. F. Fuhlbrugge, Northwestern Pub. 
Serv. Co. Marchl. Att. 18. 

ACADEMIC LiFE aT West PoIntT, by Lieut. 
Trauer, U.S. Army. April 26. Att. 39. 


Syracuse University 


ARGUMENTS FOR PUBLIC OWNERSHIP, by R. Brad- 
shaw and H. Klotz; Syncnroscopgs, by J. Y. How- 
ard, students. April ll. Att. 23. 

Repucine SuspsraTion Costs BY THE USE oF 
RemMOTE ConrROL, by D. Grigson; Tur History or 
ELECTRICAL Power, by N. F. Emig; Grow Lamps 
FOR HoME LIGHTING, by L. E. Dawley, students. 
April 28. Att. 23, 


University of Tennessee 


Corona Losses IN HicH TENSION LINES, by 
H. H. Gnuse, Jr.; Evecrronics, by L. G. Cockrill, 
students. March 29. Att. 17. 

Motion pictures. Election of officers: Wm. 
Dean, Jr., chmn.; John Wellborn, vice-pres.; Ed- 
ward Arnn, secy.-treas. April12. Att. 14. 

Tue PrRoposep Cove CREEK Dam anp Its 
Possisivities, by Prof. Switzer. May 3. Att. 
21. 


University of Utah 

UsEs oF ELECTRICITY IN MEDICINE, by Dr. J. U. 
Giesy. April 14. Att. 60. 
University of Vermont 


Thomas Reeves, student, described the electrical 
equipment on the dirigible Macon; G. W. Patter- 
son, student, described the Russian Dneiper 
River hydroelectric development. April 3. Att. 
ie, 

ELECTRIFICATION OF THE READING RAILROAD, 


ELECTRICAL ENGINEERING 
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by L. Merrihew; Tur Rocxy RIVER HyYpDROELEC- 
TRIC DEVELOPMENT, by E. S. Judkins, student. 
April 17. Att. 16. 

NORTHERN Licuts, by W. N. Coburn; Power 
Line CoMMUuNICcATION Systems, by F. P. Kenyon, 
students. April 24. Att. 18. 


University of Virginia 


THE ENGINEER’S Rewarps, by C. R. Brandt; 
A Srupenv’s View or THE A.S.M.E. Convention 
AT BIRMINGHAM, by E. Parker; A WIDER FIELD FOR 
ENGINEERS, by J. A. Grady; THE ENGINEER IN A 
CHANGING Society, by B. G. Switzer, students. 
April 27. Att. 71. 


Virginia Military Institute 


THE POWER SysTEM oF West Pornt, by B. G. 
Adkins; THe APPLICATION OF ELECTRICITY TO 
Sra TRAVEL, by W. P. Kimbrough; Gas Fitiep 
AND VacuuM Rapio TusBes, by W. H. Turner; 
POWER TO BE USED IN THE BREWERIES, by R. S. 
Gilliam, students. March18. Att. 72. 

THe MoperRN TREND IN STEAM ELECTRIC 
GENERATING Desicn, by C. S. Betts; A New 
ELECTRONIC RECORDER, by J. Roberts; Tue 
GrapuaTE ScHOOLS oF HarvarpD AnD M. I. T., 
by L. B. Jones; A Lovuistana Dynamo, by J. M. 
Goodwyn, students. April7. Att. 74. 

WATER PROBLEMS SIMPLIFIED, by J. M. Mat- 
thews; THE Empire STate BUILDING, by C. A 
Penick; Om EvLecrric Locomotives, by P. Nash; 
DECOMPOSITION OF ELECTROLYSIS, by J. M. Nimmo, 
students. April 29. Att. 75. 


Virginia Polytechnic Institute 


THE OBERHASLI HYDROELECTRIC DEVELOPMENT, 


by J. A. M. Maddox; Rurat ELECTRIFICATION, 
by J. W. Compton, students. April 13. Att. 29. 

THe READING RAILWAy ELECTRIFICATION, by 
S. L. Butler, student. April 20. Att. 31. 

ILLUMINATION, by G. B. Delote; ARC WELDING 
APPLIED TO STRUCTURAL PURPOSES, bya, Wilh: 
Swartz; THREE CAUTIONS FOR ELECTRICAL 
Workers, by J. L. Brown; Tue ELEMENTS OF 
Illumination, by G. Giles; SeLLinc Licut, by H. C. 
Epperly, students. April 27. Att. 32. 

ELECTRIFICATION OF THE PENNSYLVANIA RAIL- 
ROAD, by R. V. Creasy; THE Musc_e SHOALS PROJ- 
EcT, by W. H. Johnson, students. May 4. Att. 
29. 


State College of Washington 


ELEcTRIC SHIP Drives, by Prof. R. D. Sloan. 


April 4. Lit. 34. 


University of Washington 


ROTARY VOLTMETER, by E. Schuchard, student. 
April 13. Att. 24. 

DESIGN OF POWER RECTIFIERS FOR RApIO Eourp- 
MENT, by H. J. Price; Mutti-RANGE ELECTRO- 
STATIC VOLTMETER, by Wm. R. Morse; DEMONSTRA- 
TION OF BARKHAUSEN HySTERESIS EFFECT, by S. 
Hansen and G. K. Barger, students. April 18. 
Att. 60. 

EMPLOYMENT PROSPECTS, by R. E. Thatcher, 
Puget Sound Pwr. & Lt. Co. April 27. Att. 32. 


Washington University 


CALCULATIONS FOR LEAKAGE REACTANCES OF 
TRANSFORMERS, by W. Godin, Maloney Elec. Co. 
April 15-25. Att. 29. 


ee olovment Notes 


Of the enesincortiney Societies Puaplogisent Service 


Men 
Available 


Appraisal 


STATISTICAL CLERK, E.E., married, ex- 
perienced in compiling engg and technical data, 
preparations of specifications, bldg. surveys and 
appraisal reports, miscellaneous estimating, field, 
shop inspections and testing of matl. and equip. 
Pleasing personality and good appearance. Must 
have work immediately regardless of character, 
location, or salary. D-2080 


Construction 


E.E. GRAD., 1915, 15 yr experience; 10 yr 
responsible charge design, switching and control 
large steam and hydro stations. Field supervision 
of constr. System studies. Relay applications. 
Desires position constr. or utility. Prefer location 
East of Mississippi. D-2064 


GRAD. E.E., 30, 5 yr supervisory  constr., 
design, estimating and field engg experience on 
superpower plants and substations; 4 yr industrial 
pwr. plant operation, elec constr., and maintenance 
experience; ry. electrification constr. experience. 
C-4428 


Design and Development 


E.E. for design, development, or research. B.S. 
and M.S. in E.E. from Univ. of Wis. Westinghouse 
engg school and meter dept. Experienced with 
well-known labs. in all kinds of elec testing. Some 
patent development experience on elevator signal 
apparatus and on metering apparatus. Available 
now. Any location. C-8875 


B.S. in E.E., 33, single. Nine yr in engg dept. 
of elec measuring instrument concern, also 2 yr 
cooperative course, working in every dept. Experi- 
ence in research, design, specification writing, and 
for 5 yr responsible for correct replies to all tech. 
inquiries. Available immediately. Prefer  vi- 
cinity New York. D-2040 


E.E. GRAD., B.S. Univ. of Calif. ’20, married, 
desires position design and development new elec 
apparatus. Experience: 5 yr_ Bell System in 
development of telephone and signaling equip. 
3 yr R.C.A. Victor design and development of 
radio apparatus, 4 yr with other radio mfrs. 
Available short notice. Location, East. D-2070 


E.E.-MECH. ENGR, design and development 


June 1933 


of electromechanical devices. Research: physical 
tests of materials, metallography, X ray structure 
analysis. Languages: English, German, French. 
C-6994 


MECH. ENGR with unusually broad experi- 
ence in boiler, pwr., and industrial plant design 
and development, available on short notice. Has 
been most successful in developing going concerns 
from flow sheets and preliminary sketches. Loca- 
tion immaterial, but prefer South Eastern states. 
Married. D-1862 


GRAD. £.K., 34, married, first class electrician, 
experience in this line work, installation, operation, 
and maintenance Diesel elec plants. Three yr 
Gen. Elec. Co., head of motor test floor; 4 yr 
design and field work for mfr. heavy machy. Lo- 
cation immaterial. D-2102-329-C-2-San Francisco 


ENGR, 31, with 12 yr Bell System and govt. 
plant and field experience on sound picture, radio 


and telephone (manual, dial, repeater, and carrier 
current) systems. Design and development of 
manual and automatic elec testing equip. Indus- 
trial applications of electron tubes. Available 
immediately. C-9376 


DESIGN ENGR, desires position in engg or 
teaching. B.S. in E.E. and design courses in Bell 
Lab. Experience: 4 yr development and applica- 
tion of outside piant apparatus for Bell System. 
Salary, location, open. Available upon notice. 
D-1305 


ELEC DESIGNER, 33, married, equivalent of 
col. education; 15 yr experience on automatic ry. 
substations, 4 kv to 230 kv substations, hydro- 
electric and steam pwr. plant and low tension net- 


work systems. Available immediately. Location 
immaterial. B-8628 
ELEC AIRCRAFT INSTRUMENT DE- 


SIGNER, 3 yr actual experience with temperature 
and speed meters. Broad education: B.A. math., 
B.S.in E.E. Depression wages acceptable, a grow- 
ing connection wanted. D-2154 


Miniature in- 
31/2 yr experience 
Location immaterial. 


E.E. GRAD., Penn. State ’29. 
struments—aircraft specialty; 
in development and mfg. 
D-2055 


E.E. and M.E. GRAD., married. 
yr experience design, construction pwr. plants, 
substations, transmission, distribution systems; 
3 yr executive experience charge engg dept. large 
utility syndicate; 3 yr purchase engg equip. for 
foreign interest. Language English, German, 
Russian, Armenian, and Turkish. Available im- 
mediate service design, construction, operation, or 
purchasing. D-84 


Twenty-two 


Executives 


ADMINISTRATION, organization, investiga- 
tions, planning. Nine years experience United 
States and abroad. Will work 2 wks. without pay 
to prove abilities. Location U.S. or foreign. 
C-3534 


UTILITY ENGR, 31, 10 yr elec utility experi- 
ence principally with client cos. of Elec Bond and 
Share, includes design, constr. and’ operation of 
transmission and distribution systems, investiga- 
tions and economic studies, reconstruction and 
development planning, annual budgets, accounting 
and genl. engg work affecting more economical 
operation and maintenance of facilities. B-6934 


COMMUNICATIONS ENGR Extensive U.S. 
and foreign experience design, constr., installation, 
operation and maintenance, tel., tel., and radio. 
Excellent references. Available soon. C-8805 


PATENT ATTORNEY - DEVELOPMENT 
ENGR desires position with patent dept. or mfg. 
co., or as development engr with part time patent 


duties. Ten yr experience with mfg. co. and in 
private practice. Middle West preferred. Avail- 
able 2 wks. notice. D-2091 

POWER ENGR, steam-elec, 43, tech. educa- 


tion. Thirteen yr in operating and constr. engg 
of medium and large industrial steam-elec pwr. 
plants. Several yr pwr. engr in large copper re- 
finery followed by several years with prominent 
engg organization. Available for report and re- 
hebirtadon work as well as for permanent position. 
D-986 


EXECUTIVE, E.E. grad., married. Many yr 
experience as mgr., supt., elec engr for elec light and 
pwr. plants. Installed steam-Diesel and hydro- 
elec plants. Bldg. substations, transmissions and 
distributing systems, street car and interurban 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 
San Francisco 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 
In cooperation with the Western Society of Engi- 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An Inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief announcements will be 
published without charge, repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months, 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


905 West Wacker Drive 
Chicago 


31 West 39th St. 
New York 


Opportunities—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at 4 subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions—Members benefiting 
through this service are invited to assist In Its Furth er- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year's salary. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra three-cent stamp enclosed 
for forwarding. 
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Laying underground and undersea 
Advg. mgr., sales representative for mfrs. 
B-2388 


network. 
cables. d 
of elec equip. 


EXEC, ELEC; 40, married. : j 
utility experience; engg, constr., installation, 
operation, maintenance, pwr. plants, transmis- 
sion and distribution systems, protection, metering, 
and consumer’s equip. Also considerable develop- 
ment and research work. Desires executive post- 
tion leading to mgmt. of utility or industrial con- 
cern. Location, U.S.A. D-2127 


Twenty-five yr 


E.E., 35, 10 yr experience covering design, cost 
estimating and equip. specifications of pwr. plants, 
industrial bldgs., copper and oil refineries, sub- 
stations and transmission lines. Also !/2 yr as 
asst. research engr with cable co. and 1 yr as tester 
with elevator co. Licensed N. J. engr English 
and German languages. C-5473 


EXEC. ASST. Mr. Chief Executive you need 
your time for bigger things. I will take your 
mfg. problems off your hands and operate your 
plant at lowest possible cost. I have done this in 
elec and mech. lines. Desire to get connected 
with firm where hard work and ability are ap- 
preciated. D-2076 


GRAD. ENGR (B.E. elec), married, 29, 18 mos. 
utility experience New Zealand, 1 yr G.E. test 
course, 2!/2 yr G.E. export. Excellent references. 
Position wanted tech. side utility, cons. engr or 
mfr. Location or country immaterial. D-2158 


Industrial Engineer 


ELEC CONTROL AND MAINTENANCE 
ENGR, 34, single, grad E.E., 12 yr elec mainte- 
nance, large eastern steel plant, charge of all motor 
control problems; 11/2 yr in Russia on new steel 
plant layout work as member of Am. firm. De- 
sires position with elec mfg. or industrial organiza- 
tion. Excellent references. Available immedi- 
ately. D-1953 


Instruction 

B.S., M.A., 37, 5 yr teaching experience, several 
yr in radio and research labs. Desires col. teaching 
position in electronics, radio engg or elec engg. 
Available in summer or fall. C-1087 


E.E. GRAD., B.S. and M.S. Westinghouse 
grad. student, 4 yr teaching at Univ. of Neb., 
familiar with economics of engg. Good health, 
salary open, location immaterial. Needs indus- 
trial or teaching position. Available June 1933. 
D-445 


E.E., 1928 grad., M.S. in E.E. Univ. of Pitts- 
burgh, June 1933, single. 4!/2 yr with Westing- 
house, grad. student course and research labs. 
Engaged in fundamental research on a-c are ex- 
tinction problems, and in development and testing 
of circuit-interrupting apparatus. Several recent 
publications. Desires research, development, or 
teaching. Location immaterial. D-2093 


E.E.-M.E., 35, Tau Beta Pi; 10 yr teaching; 
5 yr engg faculty Cornell Univ.; 4 yr mfg. engr; 
one yr elec designer Stone & Webster; cons. E.E. 
constr. Boston traffic tunnel. Now teaching, 
minor tech. inst. Wants position teaching in 
col. or engr industrial or constr. co. C-5876 


ENGG INSTRUCTOR, 33, single, M.E. and 
E.E. deg., specializing in mech. design, mathe- 
matics, etc., 4 yr instructor at Cornell Univ. 
followed by 5 yr practical design work for Allis- 
Chalmers. D-122 


Junior Engineers 


E.E. GRAD., Pennsylvania State Col., B.S. 
1932, M.S. 1933, 23, single, member of Tau Beta 
Pi and Eta Kappa Nu. Knowledge of ry. traction 
and signaling. Ry. work preferred. Experience: 
Summer work as electrician and in P.R.R. signal 


dept. Good references. Location and _ salary 
secondary. Available after June 5th. D-2131 
B.S. in E.E., 1933, Drexel Inst. Chairman, 


student branch, A.I.E.E. Member of Tau Beta Pi. 
Practical experience on telephone installation, 
transformer manufacture, substation construction, 
and elec ry. maintenance. Good references. Any 
type of work, any location. D-2130 


DISTRIBUTION ENGR, B.E.E. Ohio State, 
1931, desires position in distribution and trans- 
mission design and construction. One yr and 10 
mos. utility experience on distribution and trans- 
mission problems with small Middle West pwr. co., 
also estimates and costs. Available immediately. 
Location immaterial. D-2128 


M.Sc. in E.E. 1932; 25, single. Specialized in 
high-frequency circuit theory and vacuum tube 
analysis. Two yr teaching asst. Member Sigma 
Xi, Eta Kappa Nu. Capable of assuming re- 


sponsibility. Desires position in industry. Ex- 
cellent references. Salary secondary and jocation 
immaterial. Available at once. D-2132 


_E.E. GRAD. with B.S., Univ. of Calif., Tau Beta 
Pi, Eta Kappa Nu, 22, single. Three summers ex- 
perience operating elec substations. Desires any 
type of engg work. Have references. Available 
immediately. Location immaterial. D-2140-335- 
C-1-San Francisco 
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B.S. in E.E. 1932, B.S. in M.E. 1933, Delaware, 
Honor student, Phi Kappa Phi, Varsity athlete, 
22, single. Desires work in either elec or mech. 
engg. Available June 15. Location immaterial. 
References available. D-2139 


E.E. GRAD. 1929, G.E. test experience, includ- 
ing work in radio and vacuum tube engg depts. 
and with all types of elec machy. Utility elec rate 
analysis experience covering pwr. cos. in all states. 
Received M.S. in June 1932. Wishes opportunity 
of any kind—anywhere, to which the above basic 
training might be applied. D-1036 


TRANSPORTATION FIELD is my objective. 
1932 E.E. Grad., 25, married. Telephone co. and 
pwr. substation experience. Can write French. 
Now employed in another field but wish to make 
the change as soon as possible. D-612 


E.E. GRAD., 1931, 25, single, desires telephone, 
sound, radio, other elec work, or office work. Have 
experience in telephone installation, wiring, test- 
board, engg, and business office depts. Salary 
and location secondary. D-2074 


E.E. GRAD. 1929, 25, o 
grad. student training course. Experience in relay 
and automatic switching applications, and re- 
frigeration development. Tech. work desired, any 
location. D-2101 


M.A. and B.S. in E.E., 25, single. 
tion and experience, good record. Four yr Bell 
System, 1 yr elec mfg. and development. Inter- 
ested appraisal, air conditioning, refrigerating, 
utility mech. engg, or other work. Also experi- 
enced secretarial and traffic. Excellent  refer- 
ences. Location and salary immaterial. D-1475 


B.S. in E.E., Purdue 1933. Majored in pwr. 
transmission and distribution, and accounting. 
Three summers experience with operating co. 
Desires employment with electric utility company. 
D-2103 


PURDUE GRAD., 1929, B.S. of E.E., age 26, 
single. Six mos. with radio mfr., one yr, extensive 
utility training course, six mos. in engg office. 
References. Desires employment with utility or 
mfr. D-1801 


E.E. GRAD. B.S. 1933 Wash. Univ., St. Louis, 
23, single. Earned col. tuition. Member Tau 
Beta Pi, Pi Mu Epsilon. Excellent scholastic 
record. Good references at col. and elsewhere. 
Qualities of leadership, honesty, reliability. Has 
knowledge of operational math. Desires work, 
elec engg. Location immaterial. Salary reason- 
able, willing to earn it. D-2143 


GRAD. CIVIL AND E.E., Univ. of Mich., 23, 
single. Two yr practical experience with Bell 
System. Interested in structural, ry., and hydro- 
elec work. Open to anything in civil or elec field. 
Free to travel. References. D-2144 


single, Westinghouse 


Broad educa- 


Maintenance and Operation 


ENGR, B.S. (E.E.) U. of Colo., 1929, 26, 
married, family. Westinghouse engg school and 
elec design school; 2 yr design of pwr, distribution, 
network and testing transformers with large mfg. 
co. Desires position with any small co. using elec 
engr. Willing to start at bottom. Will accept 
work anywhere, immediately. D-1866 


Production 


PRODUCTION MGR. OR SUPT. Eighteen 
yr experience in charge of production of elec 
switches, transformers, and X ray machines, also 
have designing experience. Graduate of G.E. 
mech. and elec courses. Excellent references. 
Age 46, married. Prefer location in New England. 
Salary open. D-2129 


Research 


TECH GRAD., single, 10 yr experience with 
leading elec mfr. in the repair and testing of elec 
apparatus, 1!/2 yr G.E. test. Desires position in 
testing and experimental work on motors, genera- 
tors, etc. Any connection considered where ex- 
perience would prove useful. Initial salary sec- 
ondary to future prospects. C-8778 


B.S. in E.E., Lehigh, 1932; honor student, Eta 
Kappa Nu; 30, single. Addl. Ch.E. training; 6 
yt Bell System, asst. engr. Mech. aptitude; good 
lab. worker. Radio enthusiast. Command of 
English; typist. Suited research, development, 
but welcome any engg or lab. work. N. Y. area or 
100-mile radius pref. D-2116 


Sales 


SALES ENGR, 25 yr business and engg ex- 
perience, fine sales record at low cost; will locate 
anywhere in Middle West or East; well acquainted 
in western Pa., Ohio, and W. Va.; apparatus, 
control, motors, batteries, hoists, cranes, material 
handling, etc. B-5379 


SALES ENGR, E.E. GRAD., 30, married, 51/2 
yr experience in utility work involving pwr. 
station operation and maintenance; pwr. station 
and substation design. Teaching experience. 
Fourteen mos. application sales engg experience 
with control mfg. concern. Desires position as 
salesman or application engr. Available im- 
mediately. D-713 


Membership 


Recommended 
for Transfer 


The board of examiners, at its meeting of May 
17, 1933, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
with the national secretary at once. 


To Grade of Fellow 


Bundy, Edwin S., elec and operating engr, Buffalo, 
Niagara & Eastern Pwr. Corp., Buffalo, N. Y. 

Carson, John R., transmission theory engr, Am. 
Tel. & Tel. Co., New York 

Cooper, Ashton B., genl. mgr. and vice-pres., 
Ferranti Elec. Ltd., Toronto, Ont. 

Emerson,. Cherry L., vice-pres., and chief engr, 
Robert & Co., Inc., Atlanta, Ga. 

Johnson, Tomlison F., pres. and owner, Johnson 
Mfg. Co., Atlanta, Ga. 

Peebles, John B., prof. of E.E., Emory Univ., 
Emory Univ., Ga. 


To Grade of Member 


Bagnall, Fred W., overhead lines dept., Detroit 
Edison Co., Detroit, Mich. 

Black, Harold S., member of tech. staff, Bell Tel. 
Labs., Inc., New York 

Brown, Charles D., E.E., Milwaukee Elec. Ry. & 
Lt. Co., Milwaukee, Wis. 

Buchanan, Arthur B., radio engr, Detroit Edison 
Co., Detroit, Mich. 

Chute, George M., Jr., application engr, Genl. 
Elec. Co., Detroit, Mich. 

Dodd, Roy L., supt., of underground division, 
Milwaukee Elec. Ry. & Lt. Co., Milwaukee, 
Wis. 

Gilcrest, Charles F., supt., meter dept., San Joaquin 
Lt. & Pwr. Corp., Fresno, Calif. 

Jackson, Wilson A., supt., telegraph, N. Y. C. R. R., 
M. C-ReR. CL CiG-& st: Lo Ry. 1 Et By Rake 
Detroit, Mich. 

Kostko, Jaroslaw K., asst. prof. of E. E., Washing- 
ton Univ., St. Louis, Mo. 

Likely, Robert D., engg. asst. to genl. supt., San 
Joaquin Lt. & Pwr. Corp., Fresno, Calif. 
Manderfeld, Emanuel C., development engr, Elec- 
re Research Products, Inc., Hollywood, 

alif. 

Phillips, Lester L., designer, Genl. Elec. Co., 
Pittsfield, Mass. 

Piper, William J., engr, meter dept., Detroit Edi- 
son Co., Detroit, Mich. 

Schulenberg, Wm. A., genl. mgr., AEG, Cia. 
Mexicana de Electricidad, S. A., Mexico, D. F. 
Mexico 

Smalley, Dunlap D., division supt., Midland Coun- 
ties Pub. Serv. Corp., Santa Maria, Calif. 

Smith, John B., E.E., Southern Indiana Gas & 
Elec. Co., Evansville, Ind. 

Teommey, George H., Jr., engg, asst., Brooklyn 
Edison Co., Brooklyn, N. Y. 

Wagley, Oswal O., supt. of pwr. sales, Milwaukee 
Elec. Ry. & Lt. Co., Milwaukee, Wis. 

Ward, Owen M., supt. of operation, Milwaukee 
Elec. Ry. & Lt. Co., Milwaukee, Wis. 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after the name. 
Any member objecting to the election of any of 
these candidates should so inform the national 
secretary before June 30, 1933. 


Bryan, H. G., 527 Park Ave., Loveland, O. 

Bukley, E. J., Mass. Inst. of Tech., Cambridge. 

Chpnaperty: R. W., Ky. Actuarial Bureau, Louis- 
ville. 

Davis, K. C., Genl. Elec. Co., Toledo, O. 

Dunlap, L. P., Western Elec. Co., Kearny, N. J. 

Flynn, J. V., St. Bonaventure Col., Allegany, N. Y. 

Ee, A. M., Harnischfeger Corp,, Milwaukee, 

is. 

Garrison, R. MacD., c/o J. H. McEvoy & Co., 
Houston, Texas. 

Honer, G. T., Lake Shore Mines, Ltd:, Kirkland 
Lake, Ont., Can. 

Hughes, R., Hartford Steam Boiler Insp. & Ins. 
Co., Pittsburgh, Pa. 

Knoff, R. R., Univ. of Wis., Madison. 


ELECTRICAL ENGINEERING 


. 


Lentz, E. T., The Ohio Bell Tel. Co., Toledo. 

Lyden, D. R., N.Y. & Q. Elec. Lt. & Pwr. Co., 
Flushing, N. Y. 

Mariano, T. 5., Box 343, Iowa City, Ia. 

Morton, W. E., W. V. Pangborne & Co., Inc 
Phila., Pa. 

Parker, J. C., Canal Dredging Co., Pahohee, Fla. 

Plummer, P. V., United Illum. Co., English Sta., 

_ New Haven, Conn. 

Quigley, F. P. (Member), Engrs. Club of Phila., Pa. 

Rose, J. J.. N. Y. & Q. Elec. Lt. & Pwr. Co., 
Flushing, N. Y. 

Silverman, D., Westinghouse Elec. & Mfg. Co., 
E. Pittsburgh, Pa. 

Solovieff, I. I., Mass. Inst. of Tech., Cambridge. 

Stevens, Boyd, Ill. Bell Tel. Co., Champaign. 

puleweky, F. W., T. M. E. R. & L. Co., Milwaukee, 


is. 
purewchy: P. H., T. M. E.R. & L. Co., Milwaukee, 
is. 

Voevodin, P. I. (Member), Am. Eng. & Industry, 
N. Y. City. 

Wallace, C., Am. Tel. & Tel. Co., N. Y. City. 

Whittaker, E. S., T. E. R. A. Project of N. Y. 
S. D. P. W. Div. 5, Springville, N. Y. 

Wiltse, L. H. (Member), Zinsmeyer, Inc., Los 
Angeles, Calif. 
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ony 


Foreign 


Abideen, S., Pub. Wks. Dept., Central Provinces, 

ndia. 

Akre, E. O., Mexican Lt. & Pwr. Co., Mexico City, 
D. F., Mexico. : 


ji Champion, C. H. (Fellow), Charles H. Champion 


& Co., Ltd.; Ship Carbon Co. of Great Britain, 
Ltd., London, W. 1, Eng. 

Cresswell, A. J., Erina Shire Council, Gosford, 
N.S. W., Australia 

Cuneo, E. W., Calle San Nicolas No. 24, Pergamino, 
Argentina, S. A. 

Dave, B. B. (Member), Gujarat Ginning Mills, 
Post Ry. Pira, Ahmedabad, India. 

Denyssen, Ivanhoe P., 376 Mountain View, Pre- 
toria, So. Africa. 

El-Deen, S. M., Metro-Vickers Co., Ltd., Trafford 
Park, Manchester, Eng. 

Moorman, H. R., c/o Lage Petroleum Corp., 
Maracaibo, Venezuela, S. A. 

Prache, P. M., Forges et Ateliers de Constructions 
Electriques Jeumont, Nord, France. 

Saldana, A. E., Cia Colombiana de Electricidad, 
epactade No. 739, Barranquilla, Columbia, 

A 


Simonsen, O., Box 466, Ancon, Canal Zone. 

Singh, G., Gurbaksh Singh & Co., Dehradun, U. P., 
India. 

Singh, L. (Member), Punjab Pub. Wks. Dept., 
Batala City, Punjab, India. 

Smith, D. S., c/o A. Reyrolle & Co. Ltd., Hebburn- 
on-Tyne, England. 

Sorabji, R., 375 De Lisle Rd., P. O. Jacob Circle, 
Bombay, India. 

Venkataramayya, P., Hydroelectric Dept., Che- 
pauk, Madras, India. 

Widgery, R. G. (Member), Kingston-Upon-Thames 
Corp., Kingston-on-Thames, Surrey, Eng. 
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Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Anderson, Geo. H., 
meadow, Mass. 4 

Biavati, Jos. D., 22162—91st Rd., Queens Village, 
INE Yi 


131 Wenonah Road, Long- 


Bitner, Ralph E., Box 507, Port Washington, L. I., 
PY, ‘ 
Buel, Kenneth F., 4621 Westminster, Pl. St. Louis, 


oO. 

Cannizzo, Mario, Trumbull-Vanderpoel Elec. Co., 
Bantam, Conn. : 

Carroll, J. G., 1537 Walnut St., Kansas City, Mo. 

Child, Jos. E., 915 Alder, Seattle, Wash. 

Danstedt, R. T., Y. M. C. A. Col. of Engg., 2200 
Prospect Ave., Cleveland, Ohio. : 

Durant, Wm. T., 736 Broadway Ave., Regina, Sask., 


an. 
Harcus, Wilmore C., United Artists Studio, 1041 
N. Formosa Ave., Hollywood, Calif. 
Hardey, John Ernest, Box 551, Wellington, N. Z. 
Herrington, L. B., Jr., Kentucky Utilities or, 
Louisville, Ky. : ~ 
Johansen, Harold C., 119 E. 10th St., Marion, Ind. 
Nelson, Forrest S., 63 Boyd St., Worcester, Mass. 
Parker, Ray H., 5355 Poinsette Ave., Richmond, 


Calif. : ; 
Victors, Peter, 420 Presidio Ave., San Francisco, 


Vincent, ‘Henry L., E. 916—19th St., Spokane, 
Wash. 
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New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
during April are the following which have 
been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Tustitute assumes no responsibility for state- 
ments made in the following outlines, in- 
formation for which is taken from the 
preface or text of the book in question. 


Der CHEMIE-INGENIEUR. 


Bae2y Pte 2: 
(Mengenmessungen im Betriehe, 


by R. Witte 


and E. Padelt.) By A. Eucken and M. Jakob. 
Leipzig, Akademische Verlagsgesellschaft, 1933. 
274 p., illus., 10x7 in., cloth, 27.60 rm. The 


handbook of chemical engineering, of which this 
volume is a part, is intended to present in orderly 
arrangement the physical processes used in chemical 
and related factories. The present section is con- 
cerned with methods of weighing and of measuring 
volume and flow. 


ERINNERUNGEN an die INTERNATIONALE 
ELEKTRIZITATSAUSSTELLUNG im GLAS- 
PALAST zu MUNCHEN im JAHRE 1882. 
(Deutsches Museum Abhandlungen und Berichte, 
Jg. 4, Heft 6.) By O. V. Miller. Berlin, VDI- 
Verlag, 1932. 153-81 p., illus., 8x6 in., paper, 
0.90 rm. Dr. von Miller, who first proposed the 
idea of this, the first electrical exposition to be 
held on German soil, has written an interesting 
account of its organization, of the exhibits and of 
its influence upon the future development of 
electrical engineering. 


PAST YEARS, an Autobiography. By Sir 
Oliver Lodge. N. Y., Charles Scribner’s Sons, 
1932. 364 p., illus., 9x6 in., cloth, $3.50. Sir 
Oliver tells an interesting story of his boyhood, 
his efforts to obtain a scientific education, his 
busy years of electrical research at Liverpool, and 
his later investigations of psychic phenomena. 


AMERICAN SOCIETY of HEATING and 
VENTILATING ENGINEERS GUIDE, 1933, 
V.11. N. Y., Am. Soc. of Heating and Ventilating 
Eng. 765 p., illus., 9x6 in., lea., $5.00. The new 
edition of this well known reference book is pat- 
terued upon previous ones, but the text has been 
thoroughly revised. New information on trans- 
mission losses, heating boilers, ventilation and air 
conditioning has been incorporated. In addition 
to the teclitical data, the book includes catalog 
data from manufacturers and the membership 
roll of the Society. 


ATOM and COSMOS, the World of Modern 
Physics. By H. Reichenbach; translated and 
revised by E. S. Allen. N. Y., Macmillan Co., 
1933. 300 p., illus., 8x6 in., cloth, $2.00. At- 
tempts to explain the significance to modern life 
and thought of recent discoveries in physics. The 
accomplishments of the major physicists of the 
day are analyzed, and the new theories are pre- 
seuted. The work is founded upon lectures broad- 
cast from Berlin, and is intended for laymen. 


ATMOSPHERIC ELECTRICITY. By B.F. J. 
Schonland. London, Methuen & Co.; N. Y., 
E. P. Dutton & Co., 1932. 100 p., illus., 7x4 in., 
cloth, $1.10. A brief up-to-date review of de- 
velopments in this subject, intended for readers 
of average scientific attainments. The book will 
enable the reader not in close contact with recent 
work to learn the modern position quickly and 
will open the way for further study. 


COMMISSION INTERNATIONALE de 
?ECLAIRAGE en Succession 4 la Commission 
Internationale de Photométrie. 8th Session, 


Cambridge, Sept. 1931. RECUEIL des TRAV- 
AUX et COMPTE RENDU des SEANCES. 
Cambridge, Eng., Univ. Press, 1932. 693 p., 
illus., 10x6 in, cloth, 20s. Contains the proceed- 
ings of the Cambridge meeting of the Commission, 
the official recommendations adopted, and the 
reports presented by the various national com- 
mittees. Among these were reports on _ street 
lighting, daylight illumination, the vocabulary of 
illumination, applications of lighting, colored 
glasses for signals, traffic signs, glare, aviation 
lighting, and various problems of photometry. 


COMMUNICATION AGENCIES and SOCIAL 
LIFE. By M. M. Willey and 8. A. Rice. N. Y. 
and Lond., McGraw-Hill Book Co,, 1933. 229 


p., illus., 9x6 in., cloth, 12.50. This volume pre- 
sents the scientific information on communication 
assembled for the President’s research committee 
on social trends. The data unearthed and the 
findings derived from them are here presented more 
fully than could be done in the general report. 
Our transportation agencies and their utilization, 
our postal, telegraph and telephone systems, radio, 
newspapers, periodicals, and motion pictures are 
considered and their effects upon us examined. 


GREAT DELUSION, Some Facts about Gov- 
ernment in Business. By E. Greenwood. aes 
and Lond., Harper & Bros., 1938. 238 p., 8x5 in., 
cloth, $2.50. This work discusses the relation of 
government to business and to the regulation of 
business. The author is alarmed at the gradual 
intrusion of government into business which is 
occurring and by its efforts to regulate or compete 
with private initiative. He presents the case 
against government ownership forcibly and read- 
ably. His illustrations are drawn chiefly from 
the electric power industry. 


HYDRAULIC MACHINERY. By D. W. 
Mead. N. VY. & Lond., McGraw-Hill Book Co., 
1933. 396 p., illus., 10x6 in., cloth, $4.00. Deals 
with the general principles of hydraulic machinery 
and with methods of generating and using power 
in general, and discusses pumping machinery, 
with special attention to small installations. 
Written from the point of view of the purchaser. 
Prepared primarily for students. 


INDUSTRIAL ELECTRIC HEATING. By 
N. R. Stansel. N. Y., John Wiley & Sons, 1933. 
444 p., illus., 9x6 in., cloth, $5.00. Revised pre- 
sentation of a series of articles which appeared in 
the Genl. Elec. Rev. The more important prin- 
ciples of thermal engineering are reviewed briefly, 
followed by a discussion of the construction of the 
various types of electric furnaces and of their uses, 
with examples of their application. Low-tem- 
perature heating, induction heating of solids, the 
production of ferro-alloys and some other phases 
of heating are not included. 


IRON and STEEL (a pocket encyclopedia). 
By H. P. Tiemann. 3 ed. N. Y. & Lond., 
McGraw-Hill Book Co., 1933. 590 p., illus., 
7x4 in., lea., $4.00. Under an alphabetical arrange- 
ment, it provides definitions and brief, clear de- 
sctiptions of the processes and methods of the 
industry, of the technical terms used and of terms 
related to allied sciences, fulfilling the purposes of 
a dictionary and an encyclopedia. The new 
edition has been carefully revised. 


PLANNING PROBLEMS of TOWN, CITY 
and REGION, presented at the twenty-fourth 
National Conference on City Planning, Pittsburgh, 
Nov. 14-16, 1932. Phila., Wm. F. Fell Co., 1932. 
158 p., illus., 9x6 in., cloth, $3.00. Twenty-one 
experts present their views upon a variety of sub- 
jects. The relation of planning to housing pro- 
grams and to taxes, budgeting, methods of making 
planning more effective, the range of the planning 
field, and other topics are discussed. 


PRINCIPLES of INDUSTRIAL MANAGE- 
MENT. By E. A. Allcut. Lond., Toronto and 
N. Y., Isaac Pitman & Sons, 1932. 218 p., illus., 
9x6 in., lea., $3.00. A textbook for students 
giving a good, concise presentation of principles, 
without attempting to describe the details of 
industrial administration. Others desirous of 
some penecal knowledge of the subject will find 
it useful. 


TEXTILE ELECTRIFICATION. By W. 
Stiel, translated by A. F. Rodger. Lond., George 
Routledge & Sons, Ltd., 1933. 608 p., illus., 


11x7 in., cloth, 63s. A combination of electrical 
engineering and textile technology, written to 
show the benefits accruing from the application of 
electricity in all branches of the industry. 


Engineering Societies Library 
29 West 39th Street, New York, N.Y. 


AINTAINED as ¢ public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at 4 rental rate of five cents per dey per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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Lidusirial Notes 


Allis-Chalmers Transfers Representative.— 
L. H. States, formerly connected with the 
Philadelphia office of the Allis-Chalmers 
Mfg. Co. of Milwaukee, has transferred to 
Syracuse, N. Y. He will handle the 
principal products of the company for the 
central part of that state. 


Spectacular Electric Sign for Chicago.— 
The largest electrical spectacular sign in the 
middle west is being erected by Standard 
Oil at the north end of Grant Park in 
Chicago. Overall dimensions of 200x136 
ft give the sign a height equal to that of a 
14-story building and a length of half an 
ordinary city block. The torch which is a 
dominant feature is 136 ft high. Words are 
made up of letters 16 and 18 ft high, with a 
total weight of 80 tons. The supporting 
structure weighs 120 tons, giving the entire 
sign a weight of 200 tons. Approximately 
1/. mile of neon tubing, together with 8,000 
incandescent lights will provide a brilliant 
display of colors in the night lighting. Con- 
nections involve use of 14 miles of wiring and 
cable, and current consumption of 250 kw. 


A New Line of A-C Generators.—A new 
line of a-c generators has been announced 
by the Marble-Card Electric Co., Glad- 
stone, Mich., ranging from 0.6 kva to 75 
kva capacity. The generators are of the 
separately excited type and have the d-c 
exciter bolted directly to the main genera- 
tor frame. Three-phase, 3-wire and 4- 
wire machines, as well as single-phase, 2- 
and 3-wire types, are built in all standard 
sizes up to 75 kva, 3 phase, and up to 50 
kva, single phase, and in addition to these 
standard machines many other sizes with 
special characteristics are built for manu- 
facturers of engine-driven generator sets. 


New Type Feeder Regulator.—The Allis- 
Chalmers Mfg. Co., Milwaukee, has de- 
veloped a new type automatic feeder voltage 
regulator for applications where the induc- 
tion type of regulator has heretofore been 
used. In addition the Allis-Chalmers unit 
can be used on higher operating voltages 
than those for which the induction regulator 
can be economically designed. The equip- 
ment operates on the basis of an automatic 
tap changing device with suitable transform- 
ers, all built into a small compact unit and 
is applicable to either indoor or outdoor use 
and for single-phase or 3-phase operation. 


Olsen Testing Equipment at Fair.—The 
most recent developments in both universal 
testing and balancing equipment will be ex- 
hibited and demonstrated at the “Century 
of Progress’? Exposition, Chicago, by the 
Tinius Olsen Testing Machine Co., Phila- 
delphia. One of the largest type Olsen- 
Lundgren dynamic balancing machines will 
be demonstrated, which is of the compensat- 
ing weight type and electrical control by 
push button. The new special Olsen dy- 
namic balancing machine which has never 
been exhibited before will be demonstrated 
for balancing of light weight parts. This 
machine records the amount of unbalance 
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by a special patented electrical method. 
A special type Olsen static balancing ma- 
chine will be demonstrated for use in bal- 
ancing flywheels, clutches, etc., where the 
entire checking and correcting operation can 
be determined on the machine without re- 
moval of the part being balanced. 

Other equipment on view will include a 
60,000 lb capacity universal testing machine 
with pendulum weighing system, hydraulic 
loading and all latest attachments. A 
smaller machine of 2,000 lb capacity, for 
testing fine wire, fabrics, etc., will also be 
demonstrated. Hardness testing equip- 
ment for various materials will be shown, as 
well as ductility testing apparatus and 
various types of strain gages, extensometers, 
and instruments. 


Supersensitivity— Formerly the use of a 
few hundred volts was necessary in the 
measurement of resistances amounting to a 
billion ohms, and it was hardly possible to 
measure resistances of decidedly higher 
values. Now, with a supersensitive ampli- 
fier produced in the general engineering 
laboratory of the General Electric Com- 
pany at Schenectady, it is possible to 
measure resistances of a trillion ohms, 
with only about one volt impressed. The 
amplifier incorporates a type FP-54 (10717 
ampere) 4-electrode tube. Its applications 
include the measurement of phototube cur- 
rents in astronomical determinations of 
starlight, measurement of radium and X-ray 
emanations, study of cosmic rays, etc: 

In combination with a commercial type of 
galvanometer, the supersensitive amplifier 
makes possible the measurement of cur- 
rents as small as 10715 amp, and when used 
with a suitable sensitive galvanometer 
this range may be extended to 10717 amp. 
The amplifier is compact, portable, and 
easy to use. So sensitive is the device, a 
person moving about the room would 
produce readings greater than those of 
the input circuit, were the amplifier not 
thoroughly shielded. 


eade Diterataure 


Induction Motors.—Bulletin GEA-1695, 
4 pp. Describes G-E quiet induction mo- 
tors, squirrel-cage and wound-rotor, 1/2, to 
50 hp; single-phase 1/2 to 10 hp. General 
Electric Co., Schenectady, N. Y. 


Railway Air Conditioning Equipment.— 
Bulletin C. 1967, 12 pp. Describes West- 
inghouse railway car air conditioning equip- 
ment. Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 


Manhole Ventilator.—Bulletin 166, 2 pp. 
Describes a new portable, gasoline engine 


driven cable manhole ventilator for venti- 
lating and driving noxious fumes from con- 
fined working spaces. Coppus Engineering 
Corp., Worcester, Mass. 


Trolley Coaches.—Bulletin GES-879, 8 pp. 
Describes G-E equipment for trackless 
trolley coaches. An analysis of the trolley 
coach as a transportation tool is included, 
as. well as the views of operators. General 
Electric Co., Schenectady, N. Y. 


Gear Motors.—Bulletin 400, 4 pp. De- 

scribes a new line of gear motors, 3/4, hp 

and up. Motor and speed reducer are com- — 
bined into one compact, fully protected 

unit. Reliance Electric & Engineering Co., 

1042 Ivanhoe Rd., Cleveland, O. 


Lightning Protection for Distribution Trans- 
formers.—Bulletin 354, 32 pp. Described 
as a comprehensive treatment of the sub- 
ject; illustrates Crystal Valve lightning 
arresters as installed in distribution trans- 
formers of a number of manufacturers. 
Electric Service Supplies Co., 17th and 
Cambria Sts., Philadelphia, Pa. 


Photolux Control of Lighting.—Bulletin 
L. 20579, 4 pp. Describes the Westing- 
house ‘‘Photolux,’’ a reliable and accurate 
device that operates to turn electric lights 
on or off when daylight decreases or in- 
creases in intensity to a predetermined 
value. Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. : 


Metal-Clad Switchgear.—Bulletin 533.- 
Describes the metal-clad switchgear em- 
ployed in a new California generating sta- 
tion, employing 7,000-hp, 8-cylinder, dou- 
ble-acting, 2-cycle Diesel engines. Delta- 
Star Electric Co., 2400 Block, Chicago, Ill. 


Brewery Equipment.—Bulletin 149, 12 pp., 
“Equipment for the Modern Brewery and 
Malt House.’ Describes apparatus for the 
power, electrical, pumping, and other re- 
quirements of the brewing industry. Allis- 
Chalmers Mfg. Co., Milwaukee, Wis. 


Solder Temperature Tester.—Bulletin. 
Describes the ‘‘Temperometer”’ for indi- 
cating temperature of solder for wiping 
cable joints. The device is a simple tube, 
10 in. long, which is placed in the molten 
solder and registers the correct tempera- 
ture. Dillon Mfg. Co., 63 E. Lake St., 
Chicago, Ill. 


Telemetering.—Bulletin 874, 
“Telemetering and Totalizing Station 
Loads.”” Means are discussed for providing 
the load dispatcher of an electric power sys- 
tem with continuous information on load 
conditions throughout the system, to facili- 
tate load distribution in ordinary conditions, 
and to aid in control of emergencies. The 
bulletin describes apparatus for local re- 
cording of the outputs of generating units, 
stations and tie lines, for transmitting the 
records to the load dispatcher’s office, and 
for combining them into the total for the 
system. It gives a brief but comprehensive 
explanation, with schematic diagram of the 
method employed: for telemetering and 
totalizing. Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa. 
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An Outstandin 


CIRCUIT BREAKE 


For Tamper-proof, Fuseless Protec ! 
of Building and Industrial Cire 


i THIS new circuit breaker, G-E designers have employed a 
unique principle of circuit interruption. Result: no external arc. 
The contacts are in a closed chamber, which effectively confines 
the are when the breaker opens. Thus confined, the arc is broken 
under pressure, which results in remarkably high speed of inter- 
ruption — .008 of a second. It is absolutely quiet except for the 
click of the mechanism. 


The performance is further aided by a quick make-and-break 
contact mechanism. 

Application 
In panelboards and other load centers, instead of fuses and fused 
switches; in service entrances, instead of fused switches; in dead- 
front switchboard assemblies; and for individual circuits and 
appliances. 

Advantages 
This circuit breaker prevents over-fusing and ‘“‘bridging.’’? The 
tripping (thermal overload) element is sealed and can not be tam- 
pered with. 


It makes possible prompt restoration of service; no need to spend 
time locating blown and spare fuses. The target shows which 
breaker has opened. Power is restored by simply moving the handle. 


It assures safety. When properly installed, there are no live parts 
exposed. There is no external are during circuit interruption. 


Ratings 
Up to 600 volts, alternating current, and 250 volts, direct current; 
15 to 600 amperes; single-, double-, and triple-pole. 


Mail the coupon to the nearest G-E Office or to General Electric, Dept. 6D-201, Schenectady, N. Y. 


Generai Electric, Dept. 6D-201, Schenectady, N. Y. 
{_] I should like to know more about the AF-1. 
[_] I should like to see a sample. 
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breakers, 15- to 50-amp. size; height of each is 


Illustrations (above and on preceding page) show single-pole and triple-pole inches 
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A cordial invitation is extended to all members 
of the American Institute of Electrical Engineers 
to visit the Westinghouse Exhibit in the Electri- 
cal Building at the Chicago Century of Progress 


Exposition. 
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Deep Water 


End 
Cable Joint 


Aiding Electric Power 


“AMERICAN STEEL & WIRE COMPANY 
Transmission Everywhere 
American Steel & Wire Company Submarine Cables are univer- 


sally recognized for their efficient, economical service. Hundreds 

of installations, many of which are working under the most adverse 

conditions, have proved the dependability of these superior 

: cables. Whether you need standard or special cables for sub- 
marine, overhead or underground use, we stand ready to supply 
ra you with cables in any quantity, size or type and for any voltage, 


to meet the most rigid specifications. 


= 


AMERICAN STEEL & WIRE COMPANY 


208 South La Salle Street, Chicago SUBSIDIARY OF uarren QS stares STEEL CORPORATION Farah Empire Raneeeam New York 
94 Grove Street, Worcester AND ALL PRINCIPAL CITIES irst National Ban g., Baltimore 
Pacific Coast Distributors: Columbia Steel Company, Russ Building, San Francisco Export Distributors: United States Steel Products Company, New York 
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Standard Through-Bolt Guying 
te e 
Standard, we say, because this = S Ab 
P133 Guy Hook is now standard- = c1ence stracts 
ized by five of the first ten leading 2 
operating light and power groups = 
in the U.S. and Canada, and by 2 LL electrical engineers actively 
many other smaller organizations. = : : 
This P133 Guy Hook develops = : engaged : in the practice ; of 
the full strength of 7/16” 16,000 2 their profession should subscribe 
lb. wire strand on 5/8” through- = “aa: 99 
= ience Abstracts. 
bolt, aided by 1/2” lag. Guy = to Se © 
loop is made up on the ground, = Through “Science Abstracts” 
saving considerable labor in in- = : i 
stallation of guy. = engineers are enabled to keep in 
A variation of this unit, the P134 Crossarm touch with engineering progress 
Type Guy Hook, omits the lower hole for = -throughout the world, as one hun- 
lag, but is spread out with flat back for in- = : : : ° 
creased bearing on crossarm. Used for = dred and sixty publications, I 
dead-end guying to crossarm through-bolt, etc., to = various languages, are regularly 
paoea yao ere = searched and abstracted. “Science 
Either P133 or P134 unit sells at $17.00 per 100, = Abstracts” are published in two 
lower in quantity. = ‘i foll 
Another addition to this line is an Eye Nut that sells for less than 10c = pacha Gey cd ened 
in quantity, and tests without distortion in breaking 5/8” special = **A*?_PHYSICS—deals with electricity, 
steel bolt at 18,000 Ibs. = magnetism, light, heat, sound, 
Send for samples, or trial order, and Catalog featuring = astronomy, chemical physics. 
also Pole Mounts, Cable Messenger Clamps, Tubular = «soe — 
Pole Accessories, Crossarm Gains, etc. E B”—ELECTRICAL ENGINEERING 
= deals with electrical plant, power 
MALLEABLE IRON FITTINGS COMPANY = iraviseicsiony u eaction. lights: 
Pole Hardware Dept. [| ,Fscterand New ] Branford, Connecticut 2 telegraphy, telephony,wireless tele- 
<i> fe Si Cemeaicn See: batavoneesi pee <i> = graphy, prime movers, engineering 
LINE & CABLE ACCESSORIES, Ltd., Toronto = materials, electrochemistry. 
z Published monthly by the Insti- 
E tution of Electrical Enginers, Lon- 
= don, in association with the Phys- 
= ical Society of London, and with 
= the cooperation of the American 
= Institute of Electrical Engineers, 
= the American Physical Society and 
= the American Electrochemical So- 
2 ciety, they constitute an invaluable 
= reference library. 
= Through special arrangement, members of 
HIGH VOLTAGE = the A. I. E. E. may subscribe to ‘‘Science 
= Abstracts’ at the reduced rate of $5.00 for each 
INSULATING COMPOUNDS S section, and $10 for both. Rates to non- 
= members are $7.50 for each section and $12.50 
= for both. 
T E Subscriptions should start with the January 
CABLE PULLING = issue. The first volume was issued in 1898. 
COMPOUND = Back numbers are available, and further 
= information regarding these can be obtained 
= upon application to Institute headquarters. 
O : American Institute of 
: Electri i 
MINERALLAC LECTRIC COMPANY : ectrical Engineers 
i ary = 33 West 39th Street 
25 North Peoria Street 2 New York 
CHICAGO, ILL. = 
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The majority of the insulators used on 


railroad electrifications in this country 
manufactured by Locke. 
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A section of the newly electrified main 
line of the Pennsylvania Railroad. 
LOCKE INSULATOR CORPORATION + + BALTIMORE, MARYIAND 
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STANDARDS 


HE STANDARDS of the American 

Institute of Electrical Engineers 
now consist of forty sections on 
electrical machinery and apparatus. 
They are chiefly devoted to defining 
terms, conditions, and limits which 
characterize behavior with special 
reference to acceptance tests. Many of 
the standards are recognized officially 
as American standards. 


The Standards available are listed 
opposite, together with prices. A 


discount of 50% is allowed to Institute 


members. Such discount is not ap- 


plicable on extra copies unless ordered 
for other members. Numbers of the 
Standards Sections should be given 
when ordering. 

ee @ 


Sections in Preparation 


Nine such sections are now available in 
report form for purpose of criticism, and 
copies will be sent without charge upon 
request, with the exception of No. 2, for 
which there is a non-member charge of 
$1.00, with usual 50% discount to mem- 
bers. These sections are as follows: 


2 (Aug. 1932) Electrical Definitions.. $1.00 
17g2 Graphical Symbols Used for Electric Power 
and Wiring. (Revised July 1930.) 
17g3 Graphical Symbols Used in Radio Communica- 


tion. 

17g5 Graphical Symbols Used for Electric Traction 
Including Railway Signaling. 

18 Capacitors. 

23 ~—‘Relays. 

28 Lightning Arresters. 

— Test Code for Transformers. 

— Test Code for Synchronous Machines. 


A binder for standards is available. The stiff covers are 
finished in a long wearing material resembling leather, 
suitably lettered in gold. The price is $1.75 net. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


8 Please mention ELECTRICAL ENGINEERING when writing to advertisers 


100 


General Principles Upon Which Temperature Limits Are 
Based in the Rating of Electrical Machinery.......... 


Measurement of Test Voltage in Dielectric Tests........ 
D-C Generators and Motors and D-C Commutator 
Machinesiin' General... 02250 .ma. wa eerie erate 
Alternators, Synchronous Motors and Synchronous Ma- 
chines'in!Generalelc3...: son mires ce te os eee 


Synchronous; Converters = 1c ase ese ener eieeers 
Induction Motors and Induction Machines in General... 
D-C and A-C Fractional Horse Power Motors.......... 
Railway..Motors i/s.0 vee. ¢ctelare) «20 «ase arernistensraren german atals (are 
GConstanti@urrent; Lranstormers=-eeerer eee eree it 
Transformers, Induction Regulators and Reactors....... 
Instruments ransformersa..ii eter tee 
IndustrialiControl/Apparatusn-cn mene ite tate 
Railway, ControlvApparatusass.e eee eee eieere 
MathematicallSymbolsen qa. ecto aeie etre ree 
Letter Symbols for Electrical Quantities............... 
Graphical Symbols for Telephone and Telegraph Use.... 
Oil Circuit: Breakers. i524) 6 2 ese hiaeeten omens 
Air, Circuit:Bréakersian..a: 4. ae aoeee We ae ae eee 
Disconnecting and Horn Gap Switches................- 
Automatic StationSy-cenones wae aee rn een eee 


Switchboards and Switching Equipment for Power and 
Lights eo ciracctes sv oues cose sieht eRe Tne 


Wirestand Cablesatii..q2idg eee Een eee 
Electrical Measuring Instruments..................+-+ 
elegraphysand@helephonyaseaeseee eine 
Storage. Batteries? 2225. rage en ee ene 
BlectricArci Welding Apparatus.) eee 
Electric Resistance Welding Apparatus................ 
Insulators 24; Seen ao tec hoe Or ee eens 
Symbols for Electrical Equipment of Buildings.......... 


Recommended Practice for Electrical Installations on 
Shipboard fees seh cnet sence ce eee 


Hard Drawn Aluminum Conductors..............++20% 


Specifications for Tinned Soft or Annealed Copper Wire. 
(See No. 61 for price.) 


Specifications for Soft or Annealed Copper Wire. (Nos. 
60 and 61 published as one pamphlet)............... 


Specifications for 30 Per Cent Rubber Insulation for Wire 
and Cable for General Purposes...) 65) saree 


Specifications for Cotton Covered Round Copper Magnet 
Wire. (See No. 71 for price.) 


Specifications for Silk Covered Round Copper Magnet 
Wire. (See No. 71 for price.) 


Specifications for Enameled Round Copper Magnet Wire. 
(Nos. 69, 70 and 71 published as one pamphlet)...... 


Specifications for Weatherproof Wires and Cables. (See 
No. 72 for price.) 


Specifications for Heat-Resisting Wires and Cables. 
(Nos. 72 and 73 published as one pamphlet) aanaenere 


Recommendations for the Operation of Transformers... . 


Total Cost of Complete Set 


*Approved as American Standard. 
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33 West 39th St., New York 
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BLACK & VEATCH 


Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


Mutual Building KANSAS CITY, MO. 


BYLLESBY ENGINEERING AND 
| MANAGEMENT CORPORATION 
(eas Subsidiary of 
Standard Gas and Electric Company 
231 South LaSalle Street 
CHICAGO 


New York Pittsburgh San Francisco 


EDWARD E. CLEMENT 
Fellow A.LE.E. 


Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
Opinions 


McLachlen Bldg. Washington, D. C. 
700 10th St., N. W. 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


221 No. LaSalle Street CHICAGO 


FREYN ENGINEERING 
COMPANY 
Industrial Electric Power 


Generation—Application—Purchase 
Combustion Engineering 
Electric Furnace Installations 
310 South Michigan Ave. CHICAGO 


JACKSON & MORELAND 


ENGINEERS 


BOSTON — NEW YORK 


W. S. LEE ENGINEERING 


CORPORATION 


Consulting Engineers 
Hydro-Electric Developments 
Central Steam Stations 
Industrial Buildings 
Institutional Buildings 


535 Fifth Avenue Power Building 
New York Charlotte, N. C. 


NEILER, RICH & CO. 


Electrical and Mechanical 
Engineers 


Consulting, Designing and 
Supervising 


431 So. Dearborn St. — — — Chicago 


FARLEY OSGOOD 


Consultant 


Appraisals, Financing, Management 
UTILITIES and INDUSTRIALS 
31 NASSAU STREET NEW YORK 


WALTER V. READ 


Engineer and Consultant 
on 
ELECTROLYSIS 
and General Corrosion Problems 


11 PARK PLACE NEW YORK 


SANDERSON & PORTER 


ENGINEERS 
for the 


FINANCING—REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES 
Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 
ENGINEERS 


20 NORTH WACKER DRIVE 
CHICAGO, ILLINOIS 


MAXWELL E. SPARROW 
PATENT LAWYER 


Patent, Trade Mark and 
Copyright Cases 


1482 Broadway NEW YORK CITY 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


43 EXCHANGE PLACE NEW YORK 


J. G. WRAY & CO. 


Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Financial Investigations Management 


2626 Bankers Bldg., Chicago . 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


31 West 39th Street, New York City 


Chicago Office: 205 W. Wacker Drive 


American Society of Civil Engineers _ 
American Society of Mechanical Engineers 


UNDER THE AUSPICES OF 


San Francisco Office: 57 Post Street 


American Institute of Mining and Metallurgical Engineers 


American Institute of Electrical Engineers 


You are invited to use this service, representing over fifty thousand members, to supply 


your needs for all classes of engineers, executives and assistants. 


Kindly be specific regarding requirements, salary, location, nature of work, etc. 
Employers wishing to withhold their identity will be sent records of candidates meeting 
requirements specified, otherwise, qualified applicants will be sent in person. 
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Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Index to Advertised Products 


AIR COMPRESSORS 
Allis-Chalmers Mfg Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


BATTERY, CHARGING APPARATUS 


Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady, N. Y. 


CABLE ACCESSORIES 
Minerallac Electric Co., Chicago 


BRUSHES, COMMUTATOR 
National Carbon Co., Cleveland, O. 


CABLEWAYS 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CIRCUIT BREAKERS 
Air-Enclosed 
I-T-E Circuit Breaker Co., The, Philadelphia 
Western Electric Co., All Principal Cities 
Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


CLAMPS, GUY & CABLE 
Malleable Iron Fittings Co., Branford, Conn. 


COILS, MAGNET 


Roebling’s Sons Co., John A., Trenton, N. J. 
General Electric Co., Schenectady, N. Y. 


CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 


CONDENSERS, SYNCHRONOUS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


CONDUIT, UNDERGROUND FIBRE 
Western Electric Co., All Principal Cities 


CONTROLLERS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


CONVERTERS, SYNCHRONOUS 


Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady, N. Y. 


DYNAMOS 
(See GENERATORS AND MOTORS) 


DYNAMOTORS 
Electric Specialty Co., Stamford, Conn. 


ENGINEERS, CONSULTING AND CON- 
TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 


ENGINES, GAS, OIL, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 


GENERATORS AND MOTORS 


Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady, N. Y. 


GENERATING STATION EQUIPMENT 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


INSTRUMENTS, ELECTRICAL 
Graphic 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Indicating 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Integrating 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Radio 
General Radio Co., Cambridge, Mass. 
Scientific, Laboratory, Testing 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
INSULATING MATERIALS 
Cloth 
Minerallac Electric Co., Chicago 
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Compounds 


Minerallac Electric Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. if 
Western Electric Co., All Principal Cities 


Tape 


Minerallac Electric Co., Chicago 

Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Varnishes 
Minerallac Electric Co., Chicago 


INSULATORS, HIGH TENSION 
General Electric Co., Schenectady, N. Y. 
Locke Insulator Corp., Baltimore 
LIGHTNING ARRESTERS 
General Electric Co., Schenectady, N. Y. 


LOCOMOTIVES, ELECTRIC 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 

METERS, ELECTRICAL 
(See INSTRUMENTS, ELECTRICAL) 


MOTORS 
(See GENERATORS AND MOTORS) 


PANEL BOARDS 
(See SWITCHBOARDS) 


PATENT ATTORNEYS 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
PLATING GENERATORS 
Electric Specialty Co., Stamford, Conn. 
POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


PUBLIC ADDRESS SYSTEMS 
Western Electric Co., All Principal Cities 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 


RADIO LABORATORY APPARATUS 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Western Electric Co., All Principal Cities 

RECTIFIERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 

REGULATORS, VOLTAGE 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 

ROPE, WIRE 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SOLENOIDS 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 
SOUND DISTRIBUTION SYSTEMS 
Western Electric Co., All Principal Cities 


SPRINGS 
American Steel & Wire Co., Chicago 


STARTERS, MOTOR 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SUB-STATIONS 


Allis-Chaloters Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SURGE ABSORBERS 
Ferranti, Inc., New York 


SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SWITCHES, AUTOMATIC TIME 
Minerallac Electric Co., Chicago 


TRANSFORMERS 
Distribution 
Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Factory 
Allis-Chalmers Mfg. Co., Milwaukee 
Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 


Metering 


Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 


, Power 
Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti, Inc., New York 
General Electric Co., Schenectady, N. Y. 


Radio 


Ferranti, Inc., New York 
General Radio Co., Cambridge, Mass. 


TURBINE GENERATORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


TURBINES 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


TURBO-GENERATORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


WELDING WIRE 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


WIRES AND CABLES 
Armored Cable 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Asbestos Covered 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Automotive 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Bare Copper 
American Steel & Wire Co., Chicago 


Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Copper Clad 


American Steel & Wire Co., Chicago 
Western Electric Co., All Principal Cities 


Flexible Cord 


American Steel & Wire Co., Chicago 

General Electric Co., Schenectady, N. Y. 

Okonite Company, The, Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 
Fuse 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Heavy Duty Cord 
American Steel & Wire Co., Chicago 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Varnished Cambric 
Insulated) 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Magnet 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Rubber Insulated 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Tree Wire 
American Steel & Wire Co., Chicago 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. { 
Roebling’s Sons Co., John A., Trenton, N. J. 


Trolley 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Weatherproof 


American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 
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of a good job 


This Rubber Covered “‘Code” is made to give 
lasting service—not to minimum Underwritex’s 
requirements. You can install it with the assur- 
ance that it provides an extra margin of safety 


and dependability. 


There is no skimping in making Roebling Rub- 
ber Covered ‘‘Code”’. High quality materials are 
used throughout. This wire is composed of high 
conductivity copper, well tinned; rubber insula- 
tion with good aging characteristics; and a strong 
cotton braid thoroughly filled with moisture- 
proofcompound. Ithasa smooth finish and there- 


JOHN A. ROEBLING’S SONS CO. : 


fore can be “fished” through conduit with ease. 


The nearest Roebling office would welcome 
your inquiry regarding this or any other type 
of Roebling Electric Wire or Cable. Prompt 
shipment of standard wires and cables made 
from any warehouse point below. 


Rubber Covered Wires and Cables : Braided and Leaded : Code; Inter- 

mediate; 30% » Power Cables : Paper; Cambric; Rubber » Slow-burning 

Wires and Cables » Weatherproof Wires and Cables » Parkway Cable 

» Police-Fire Alarm Cable » Portable Cords » Annunciator Wire » And 
a wide variety of other wires and cables. 


TRENTON, N. J. 
Clevcland Los Angeles NewYork Philadelphia 
Seatle Export Dept., New York, N. Y. 


Chicago 
San Francisco 


Atlanta Boston 
Portland, Ore. 


ELECTRIC WIRES ‘ () 7 K | | N 5 AND CABLES 
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Trade “ESCO” Mark 


ELECTRIC SPECIALTY CoO. 
Engineers and Manufacturers 

| DESIGN — 

DEVELOP — 

PRODUCE — 


Motors, Generators, Motor Generators, 
Rotary Converters, Dynamotors, 
Gasolene Engine Generator Sets 

FOR SPECIAL PURPOSES—Send Us Your Problems 


222 South St., STAMFORD, CONN., U.S.A. 
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Type 434-B 
AUDIO-FREQUENCY METER 
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The TYPE 434-B Audio-Frequency Meter permits meas- 
urements, with an accuracy of 0.5%, of audio frequencies 
between 20 and 20,000 cycles per second. A bridge cir- 
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cuit is used which contains only resistances and capaci- = 
tances. Its accuracy, simplicity of construction, and = wer 
direct-reading scale make it an exceedingly useful instru- E American Steel & Wire Company..........0..000. 0000 5 
ment for the electrical laboratory. = American Telephone & Telegraph Company............... 13 
Price, $125.00 = 
= Black: & Veatch sic? sist ectle-c ge ete eee 9 
Complete details will be furnished on request. = Byllesby Engineering & Management Corporation......... 9 
= Classified "Advertisements. yt) cite 12 
ENERAL RADIO Co. = Clement; Edward Bu..20))Jeo;shis es ie ae eee 9 
CAMBRIDGE MASSACHUSETTS = Electric Specialty Company... <-%2> s/s ans <-00 "40 eee 
MMMM Engineering Directory................ potest terre eens as 
Engineering Societies Employment Service...............% 9 
Fowle’é&: Companys rad kaha. ma. te tee eee eae 9 
C : A S te | i (\ | j ) D Freyn Bnginecting Gompanyt- ase 4-12 ane eee 9 
Generals Cable Corporation... ree eee 4th Cover 
General Blectric:@ompatiy..n toe ae ee ae ano 
GeneralRadio) Company-taensee oe ee oar ee 12 
RATES: Fifty cents per line; minimum charge 
based on use of five lines; maximum space cannot Jackson & Moreland.............0. 660s eevee eee 9 
| exceed twenty lines. Copy is due the 15th of the 
month preceding publication date. Keriteilinsulatedp Wire: sé Gable Complicate ae rene 1 
| Lee Engineering Corporations Wissen ath eee) 
RORVSALE OR REND... ss... IN ORANGE, N. J., Locke dnsulator Corporation m racecar eee Eee 7 
factory building, mill construction, about 42,000 square 
feet, with power plant and artesian well. Sprinkler system ire. 
throughout. Excellent condition. Suitable for manufac- Malleable Iron Fittings Company.........-.-.-.-.....55. 6 
turing or warehousing. Light four sides. Very reason- Miunerallac Electric Companyinn- peepee eee ee eee 6 
able terms. Robert Trimble, 407 So. Jefferson St., 
Orange, N. J. Neilen Richré Company=ascae an weet ke eee eee 9 
: - . ‘ : ©komite| Company, wl borer nee enn eee 3rd Cover 
, WANTED: Copies of the October and November (1932) Okonite-Callender Cable Company, Inc.......... 3rd_ Cover 
issue of ELEcTRIcaL ENGINEERING are required to meet the Osgood, Farle 
z a : b YY. evs iecauduege vecdnye cotagleg atumn, sates, othr went ely yet 9 
demand for this back number. In mailing such copies, 
please address them to American Institute of Electrical 
Engineers, 33 West 39th St., New York, printing your Read, Walter Vins sin ahh BE si east > cag ate Site eae 9 
name and address upon the enclosing wrapper. Twenty- Roebling’s Sons Company, John A................... ll 
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TELEPHONE LINES .. . putting 
her in instant two-way commu- 
nication with a larger world— 
broadening her interests and ex- 
tending her influence—tender- 
ing more simple the important 
business of managing a house- 
hold. No item of home equip- 
ment contributes more to the 
security, the happiness and the 
efficiency of millions of women 
than the telephone. 

The telephone has helped to 
- make the nationa neighborhood 


MM ERICAN TELEPHONE AND 
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and keep you close to people and 
places. Quickly, and at small 
cost, you can talk with almost 
any one, anywhere...in the 
next block, the next county, a 
distant state, or ona ship at sea. 

There are times when being 
“in touch”’ is vital, urgent... 
a sound in the night, a whiff of 


smoke, a sudden illness. There 


-are times when the mere con- 


venience of the telephone gives 
it an important place among 


life’s necessities . to shop 


TELEGRAPH 


from your home, to chat with 
a friend, to handle, quickly and 
efliciently, the varied duties of 
a busy household. And there 
are times—many times daily— 
when the telephone is the indis- 
pensable right arm of business. 

To make this possible, the 
Bell System provides millions 
of miles of wire and the ser- 
vices of an army of trained em- 
ployees. They stand ready to 
answer your call; they offer 


you the service of a friend. 


COMPANY 


eS 


TO PROTECT 


‘“‘Nothing More Modern” was the design slogan of the new 
Philadelphia Savings Fund Building. It is modern in con- 
struction and modern in equipment. The electric service was 
designed and constructed to eliminate failure. The most 
modern type of switching equipment was selected, Allis- 
Chalmers Reyrolle Armorclad Switchgear. 


Armorclad Switchgear combines into one metal encased, 
compound filled, factory-built and assembled unit, all of the 
necessary apparatus to make a complete three phase oil cir- 
cuit breaker installation. Its safe operation, compactness and 
reliability have appealed to builders of power plants, sub- 
Stations, industrial plants and office buildings . . . and being of 
unit construction, completely assembled, it is easy to install. 
For bulletin write to Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


ALLIS-QHALMERS 
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OKONITE moves on with the WORLD 


Exhiint of The Okonite 


yr 1444 te Pie YY 444 
Company, World’s Furr, 


Chicago, 1292 
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Founded in 1878, Okonite has continuously specialized in the manufacture of 
insulated wires and cables. 

Progressive now, as it was during the last World’s Fair in Chicago, The Okonite 
Company keeps moving to meet the new trends. 

Now, as then, the name Okonite is a world-wide symbol for quality—an honest 
absolute quality which assures long and satisfactory performance. 

Its laboratories, factories and technical staff are up-to-the-minute, specialized, 
ready to furnish the best the art can produce. 


THE OKONITE COMPANY 


FOUNDED 1878 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 


Factories: Passaic, N. J. Paterson, N, J. 
fess Sees SALES OFFICES: 
NEW YORK CHICAGO PHILADELPHIA PITTSBURGH BOST¢ 
SAN FRANCISCO LOS ANGELES 4 
Novelty Electric Co., Philadelphia, Pa. Canadian Represe 
The F. D. Lawrence Electric Co., Cincinnati, O. Engineering Materials, Li rea 


OKONITE QUALITY CANNOT BE WRITTEN INTO A SPECIFICATION 


‘Over Half a Century 


ceeaneneaan 


th} 
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Scientific research 
and development 


have made possible 


enormous strides in 


2200, General Cable product of 1886 


the high voltage transmission of elec- 
trical energy, both overhead and under- 


ground . « « Confidence and cooper- 


ation on the part of 


the utilities have in- 
spired the makers 
to develop cable 


for super-voltages: 


Oil filled super-voltage cable of today 


CORPORATION © 


SERVING E INDUSTRIES SUENCE 1882 


Offices in Principal Cities » . . 420 LEXINGTON AVENUE, NEW YORK CITY . . . Plants from Coast to Coast 


